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A b s t r a c t
The present health, care and support mechanisms are unable to truly meet the demands made upon it. 
Between 1992 and 1996 the total number of home care hours increased by 50% while the number of 
households receiving the service declined by around 7%. A more intensive service is being delivered to 
a minority of people yet at the same time the number of people who may need support is increasing. 
Health spending on people aged 75 and over is 6 times that of the average for the rest of the population 
but between 1995 and 2025 the UK will see a 43.6% increase in the 60 and over age range. A similar 
trend is apparent across much of the developed world.
In order to meet this new demand the use of technology has been suggested, yet a review of the literature 
indicates that little evidence exists to indicate if users would welcome technology and whether it would 
be effective. This research therefore seeks to answer the question ‘Are assistive technologies an 
enhancement to the present health, care and support mechanisms?’ The NHS and Community Care Act 
1990 suggests that resources should move from hospitals and institutions to the community and therefore 
since 80% of older people want to stay in their own homes it would seem appropriate that assistance is 
provided to people in these locations. The literature review has also highlighted 4 key areas, which are 
addressed in this thesis, namely: user requirements, system modelling, cost analysis and service delivery.
Currently relatively simple technology, refereed to as the community alarm system is used to assist, 
predominately older people, in the community. Using these people and the technology as a base level 
this research indicates that such users would welcome more advanced technology. Indeed, in a survey of 
176 users, 77% welcomed automatic fall detection, 68% welcomed lifestyle monitoring where changes in 
the pattern of behaviour generates an automatic alarm, 57% welcomed telemedicine where medical 
parameters are measured in the users home and the doctor is contacted if necessary, and 46% welcomed 
videoconferencing.
To assist people in their own homes telecare has been defined as an appropriate model with the 
community alarm system being defined as the 1st generation system. Several authors have attempted to 
define subsequent generations of telecare in generalities with no one defining the actual system and data 
flows. To address this insufficiency, and provide a structure to developments, based on the availability 
of technology and the views of users, a target system has been defined which could be available within 
15 years. In order to move from the present 1st generation system to this 4th generation, 2 stepping stone 
systems have been defined and it is hoped that subsequent work will use these system definitions and 
create and trial the technology and systems suggested.
Telecare is an emerging area of research and therefore little attention has been given to cost- 
effectiveness, in order to address this area a financial model has been created using Excel worksheets. 
The results indicate that, in comparison to the present system a 2nd generation telecare system could 
potentially save £8.3m over the 10-year system life cycle. Various sensitivity analyses are performed 
and in each and every constraint the 2nd generation telecare system is more profitable than the present
community alarm system. Extrapolating the results to represent the whole of the UK indicates that there 
is the potential to save £832m over the 10-year system life cycle.
As with any system the introduction of a 2nd generation telecare system will inevitably change the way 
people work. In order to discover the impact that the introduction of such a system may have a model 
has been created to estimate the impact at the community alarm control centre, currently the centre of 
activity in the present system. The net result is that the number of calls increases by 321%, however 
many of these calls regard data that do not require human attention. When analysing the impact on 
service delivery the actual amount of time required speaking to people in need of assistance reduce by 
55%. This is predominantly achieved by reducing the number of calls activated by mistake through the 
greater use of effective technology.
Overall it could be argued that this research has added considerably to the knowledge base and the results 
indicate that telecare has tremendous potential to address the ageing population difficulties that the UK 
and other developed countries face.
IV
O vera ll m ethodology
This thesis covers four main themes as indicated in Fig A.
These four areas were identified by a literature review conducted in chapters 1 and 2. The aims of this 
literature review were to:
■ Discover if the present health, care and support mechanisms were ‘stretched’ and whether this was 
likely to continue in the future, i.e. was this research needed.
■ Identify research and developments in assistive technologies. What research had been conducted, 
what was happening, and what were the likely trends.
These aims helped to identify if this research was required and also identify areas were I could make a 
contribution to the field.
With respect to the methodology employed this was 4 step approach:
1. Search  o f  online d a ta b a ses : For example, Medline, Cochrane database of systematic reviews,
Health Technology Assessment database, and the National Research Register. This helped to 
identify key papers, journals and authors for step 2.
2. P h ysica l lib ra ry  search . Key papers could now be acquired relating to the aims of the literature 
search.
3. G rey/in tern et sea rch : To obtain a rounded search conference proceedings and the internet were 
searched based on the papers, authors and key phrases used in the literature, i.e. telecare, telehealth 
etc. The search engines of Yahoo and AltaVista were used to give a general and more academic 
search.
4. C on tact w ith  key researchers: Authors and leading personal which were identified in the previous 
sections were contacted for further information regarding their work and further contacts.
Based on the results of the literature review and discussions with the project review group the four key 
areas in Fig A were identified. Each of these areas have been researched with support of additional 
literature searches. This therefore ensured that the work being conducted was still required but also that 
the appropriate methodology was being applied to each of these areas. Details of the specific 
methodology employed is discussed when introducing each of the key areas.
C h a p t e r  S t r u c t u r e
Chapter Description
1 The structure of the project and general area of the research is identified. Particular 
attention is given to the current health, care and support mechanisms in order to identify 
the current position and therefore provide a base from which to investigate. Attention is 
also given to why technology is being seen as a possible way of enhancing the current 
system.
2 The assistive technologies currently available are described along with research and 
development work that started prior to this project and that which has continued since the 
project commenced. Particular attention is given to telecare, telemedicine and smart 
homes.
3 Based on a questionnaire the views of users, both current and potential, are investigated. 
Emphasis was placed on the people themselves and what technology they would like to 
maintain their independence. A questionnaire was also conducted with providers of the 
current technology system.
4 In order to develop the present community alarm system and move to advanced or 2nd 
generation telecare systems an understanding of the technological possibilities is required. 
This chapter therefore considers what technology is currently available and what may be 
available in the future. Based on this review and the findings of Chapter 3, a target 
system for implementation within 15 years is defined.
5 In order to achieve the goals of the target system, stepping stone systems are required that 
bridge the gap. This chapter therefore defines two systems in terms of the technology 
required and how it should interact, but also the impact that the systems may have on the 
information flows between various organisations. Finally the target system is fully 
described and analysed, providing a framework for development for the next 15 years.
6 The first stepping stone system or 2nd generation telecare system is used to develop a cost 
analysis model and discover the costs and potential savings involved. This chapter 
reviews the current literature, indicating the formal constraints imposed in the 
development of an effective cost analysis tool, and explains how the cost analysis model 
was developed.
7 Having created a cost analysis tool the model is investigated and the results reported 
using various economical assessment procedures.
8 Having defined what a 2nd generation telecare system should consist of and analysed the 
financial implications the ability to deliver the service is analysed. This chapter therefore 
describes how a simulation tool should operate and what assumptions are included in the 
service delivery model. Particular attention is given to how the model simulates call 
activity to the community alarm control centre.
9 Having created the service delivery model, particular attention is given to validating the 
model to ensure it simulates the current system. Once this has been achieved the impact 
of the 2nd generation telecare system described in Chapter 5 is estimated and included in 
the model to discover the service delivery implications.
10 The final chapter brings together the preceding chapters and based on the evidence 
presented in this thesis answers the original research question. Consideration is also 
given to how this research can be taken forward in the next 2 years, 3 - 5 ,  and 6 - 1 0  
years.
vi
Contents page
Description_______________________________________Page
Chapter 1. Introduction 1
1.1 Project Theme 1
1.2 Initial Objectives 1
1.3 Project Structure 2
1.4 Research Background 2
1.5 Government Policy 15
1.6 Conclusions 17
Chapter 2. Assistive Technologies 20
2.1 Community Alarms 20
2.2 Telemedicine and Telecare 23
2.3 Smart Homes 23
2.4 Acceptability Of Assistive Technologies 24
2.5 Telecare And Telemedicine Work Prior To 1997 27
2.6 Research Areas Identified 34
2.7 Subsequent Research After 1997 36
2.8 Complementary Research To The Identified Areas 40
2.9 Conclusions 42
Chapter 3. User Requirements 43
3.1 Current Users Views 43
3.2 User Survey Results 46
3.3 Future Potential Users 69
3.4 The Providers Perspective 73
3.5 Conclusions 78
Chapter 4. Meeting The User Requirements 81
4.1 The Target Telecare Aim 82
4.2 Technology Trends 83
4.3 Communication Barriers 93
4.4 System Modelling 93
4.5 DFD For The Current System 94
4.6 Government Plans 102
4.7 Conclusions 103
Chapter 5. Defining Telecare Systems 105
5.1 2nd Generation System 106
5.2 3rd Generation System 124
5.3 4th Generation System 126
5.4 Conclusions 128
Chapter 6. Developing A Cost Analysis Tool 130
6.1 Economic Evaluations 131
6.2 The Costs Analysis Model 132
6.3 Methodology 133
6.4 Model Assumptions 135
6.5 Model Costs and Benefits 136
6.6 Model Variables 141
6.7 Conclusions 146
vii
Chapter 7. Cost Analysis Results 147
7.1 The Expected Model 147
7.2 Single Point Analysis 154
7.3 Threshold Analysis 156
7.4 Multiway Analysis 159
7.5 Extreme Scenario Analysis 160
7.6 Discussion 161
7.7 Model Enhancements 165
7.8 Conclusions 166
Chapter 8. A Service Delivery Model 168
8.1 Required Outputs From The Simulation 168
8.2 The Type Of Simulation 170
8.3 Simulation Design 171
8.4 Core Database 172
8.5 Process 1: Define Model Characteristics 179
8.6 Process 2: Generate Calls 181
8.7 Process 3: Generate Results 184
8.8 Display Results 190
8.9 Conclusions 192
Chapter 9. Model Results 194
9.1 Model Validation 194
9.2 Results For The Current System 201
9.3 Results For The 2nd Generation Telecare System 210
9.4 Model Enhancements 219
9.5 Conclusions 221
Chapter 10. Discussion And Conclusions 222
10.1 Motivators For Change 223
10.2 Answering The Original Research Question 224
10.3 Inhibitors To Change 226
10.4 The Positioning Of Telecare 227
10.5 Developing Telecare And Future Research 232
10.6 Final Thoughts 236
10.7 Dissemination Of Knowledge 237
References 338
Appendix A1.1: Funding consortium partners 251
Appendix A2.1: Benefits of telemedicine and telecare 252
Appendix A2.2: Related projects 253
Appendix A2.3: Telecare and Telemedicine developers 255
Appendix A3.1: Standard questionnaire 257
Appendix A3.2: Additional questions 261
Appendix A3.3: Additional information 263
Appendix A3.4: The Pemberley road survey results 268
Appendix A3.5: Voluntary Boots questionnaire 270
Appendix A3.6: Wardens questionnaire 271
Appendix A3.7: The Control centres questionnaire 274
Appendix A4.1: The Governments Information Strategy 277
Appendix A5.1: 2nd generation data flow diagrams 279
Appendix A5.2: 3rd generation functional requirements 287
Appendix A5.3: 3rd generation data flow diagrams 296
Appendix A5.4: 4th generation functional requirements 300
Appendix A5.5: 4th generation data flow diagrams 305
viii
Appendix A6.1: Cost analysis worksheet 308
Appendix A6.2: Home worksheet 313
Appendix A6.3: Control centre worksheet 314
Appendix A6.4: Health zone worksheet 316
Appendix A6.5: Emergency services 319
Appendix A8.1: User documentation for the telecare utility 320 
program
Appendix A8.2: User documentation for the telecare 325
simulation program
Appendix A9.1: Model outputs 343
Appendix A 10.1 Publications and presentations 349
IX
1 I n t r o d u c t i o n
Chapter 1
Chapter structure: The structure of the project and general area o f the research is identified. Particular 
attention is given to the current health, care and support mechanisms in order to identify the current 
position and therefore provide a base from which to investigate. Attention is also given to why 
technology is being seen as a possible way of enhancing the current system.
1.1 Project Theme
Over recent years, health and community care services for community alarm1 users.and other user groups 
have increasingly become under budgetary pressure. At the outset of this project it was thought that the 
use of more technology in the home would enable more to be achieved from the same resources. 
However, there was little evidence to support such a hypothesis. In particular, questions that needed to 
be addressed were:
■ Can technology assist people to maintain their independence?
■ If technology can be used, what form should it take to meet the requirements of users and providers?
■ What are the implications of introducing advanced technology, in terms of:
■ financial considerations, and
■ service delivery
When the research began the potential benefits from the more widespread use of technology were 
unclear. Nevertheless community alarm manufacturers were aware of the market potential if benefits 
were identified and a consortium was therefore formed to investigate assistive technologies. Details of 
the consortium partners are provided in Appendix A l.l.
1.2 Initial objectives
At the beginning of the project the consortium partners developed a framework for the initial research 
and discussion (27 May 1997). The resulting statement is reproduced below:
Project: The research is to be in the area o f telemedicine but with specific reference as to how user 
related medical, life style or behavioural data collected in the home can be used effectively by community 
medical or carer staff.
Background: We believe there is a need for a product which will gather data collected about individuals 
within their own homes in the community and make this data available in a readily useable form to 
interested staff in the local medical staff social services, carer agencies, carers and other related 
community individuals or organisations (the target users o f this product).
We would see this product being essentially software based which links the ‘home ’  to the place of work 
for the target user. The place of work could be an office, at home, in a car or indeed at any place where 
the target user is based. At its simplest, this product could be viewed as a ‘decision support’ system 
which would enable the target users to choose selected data (from a range o f available data) for a
1 Community alarms enable a user to contact a control centre from which assistance can be provided. They are 
explained in further detail in Chapter 2.1
1
specified individual, have this data presented in a useful way which will allow the user to make decisions 
about the individual’s status and subsequent care requirements. The data could be presented in 
comparison with expected norms or standards, it could show trends over time, it could display variations 
from set parameters etc.
Key aims: We believe there is a need for the type o f product described. We could be wrong or our ideas 
of the product could be wrong. There may not be a market at all for this type of data collection and 
presentation. Or there may be a need but no one is prepared to pay anything for such information. It 
may be that the information actually needed cannot be provided.
In simple terms, we need to have enough information to decide if there is a market for this type of 
product and if yes, then to define the market, the users and the product specification.
The commercial objective is to approach the telemedicine concept from the ‘other end’ and to:
■  Define who are likely to be target users of such data.
■  Determine what data would be useful for each group within the target user categories.
■  Define how this data would be used by the target groups and where the data would be used.
■  Define how the data should be presented to users.
■  Determine how the use of this data would improve the efficiency or reduce the costs of the care 
provided.
■  Determine who would be the ‘purchasers’ (as distinct from the users) of the proposed product -  e.g. 
GP fund holders, social services, care agencies, hospital trusts, health service, etc.
A literature review has been conducted to identify the exact objectives and these are reported on page 42.
1.3 Project Structure
The project was led by Professor David Bradley at the University of Abertay, Dundee. Quarterly 
meetings were held with the consortium partners to present the work in the proceeding quarter and to 
agree a framework acceptable to all parties for the next two quarters. Particular reference was given to 
the immediate quarter in question. Throughout the project additional meetings have been held with the 
consortium partners to discuss and develop specific applications and areas of work based on the results 
of the project research.
In terms of project organisation, after an initial set-up period of a few months the researcher has not been 
based at the University. However, regular contact with the project supervisor, Professor David Bradley, 
has been maintained by email and telephone conversations. In addition, when necessary, meetings have 
been held throughout the country and several weeklong trips to the University have taken place.
1.4 Research Background
Based on the initial objectives and the general theme of the research program, a title for the research was 
agreed, namely:
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Are assistive technologies an enhancement to the present health, care and support mechanisms?
The term ‘assistive technology’ is an umbrella term used to describe any device or system that allows a 
person to accomplish a task they would otherwise be unable to do or increases the ease and safety with 
which the task can be performed111. The author of this definition has subsequently acknowledged that it 
is a very broad definition and could include swimming goggles or flippers121. In the context of this 
research examples would include the technically simple, for example a walking stick, to complex aids 
such as intelligent wheelchairs or height adjustable sink and kitchen units. The purpose of this research 
is to investigate possible assistive technologies in the health, care and support environment that could 
assist people to maintain their independence in their own home. Underlying the purpose of this research 
is the ideal that the current care system can be improved through the use of assistive technology.
In the UK care provision is often split into domiciliary and community care. Domiciliary care, now 
sometimes referred to as home support services, endeavours to provide personal and practical help to 
people in their own homes131 through two main functions. They provide expert professional help that the 
family cannot supply and they provide unskilled or semi-skilled assistance for persons who do not have 
families or whose families are not always able to help141.
Community care does not appear to have a satisfactory definition151. Clegg suggests that there is no 
agreed definition of community among academic sociologists, social workers or the makers of social 
policy161. The Seebohm Report suggests that community care has come to mean providing assistance 
outside of hospitals or residential homes17-1. Other authors suggest it is providing the services and support 
which people require to live as independently as possible in their own home, or in 'homely' settings in the 
community181. The governments own plans suggests that there are four key components for community 
care, namely developing services that191:
■ Respond flexibly and sensitively to the needs of individuals and their carers.
■ Provide a choice of options for consumers.
■ Intervene no more than is necessary to foster independence.
■ Target those people with the greatest needs.
As part of the governments focus on community care the NHS and Community Care Act was introduced 
in 1990 and aims to1101:
■ Facilitate the development of domiciliary care to support people in their own homes and prevent 
unnecessary admission to residential care.
■ Create ‘Care Packages’ that are designed to support people’s individual needs, based on an 
assessment of 'that need'. The assessment should be a multi-disciplinary assessment arranged by the 
local authority, and collaboration between medical and nursing colleges will be required.
■ Give responsibility to local authorities to assess and pay the fees of those people who need public 
assistance to enter a nursing home. This came into affect in April 1993.
However, it has been suggested that:
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“7o the politician, the NHS and Community Care Act is a useful piece of rhetoric; to the 
sociologist, it is a stick with which to beat institutional care providers; to the civil servant, it is a 
cheap alternative to institutional care which can be passed to the local authorities for action or 
inaction; to the visionary it is a dream of the new society in which people really do care; to 
social services departments, it is a nightmare o f heightened public expectations and inadequate 
resources to meet them[ll]”.
For the end user the Act suggests services should be available to assist them to stay in their own homes 
for as long as they wish.
The 1994 General Household Survey (GHS) observed that the predominant users of domiciliary services 
were those aged 75 and over, primarily women and people living alone1121. Focusing purely on home 
care in the UK indicates that in 1996, 83% of the recipients were aged 65 and over, with 64% aged 75 
and over1131. Figures from Birmingham City Council (BCC) for the year 1997/98 suggest that 88% of 
available home care was directed to the 65 and over age group1141. In terms of assisting people who live 
on their own, it has been suggested that local authorities are 6 times more likely to help people in single 
occupant dwellings1151. It can therefore be concluded that older people living alone are the main 
beneficiaries of ‘care’.
In the remainder of this chapter the background published literature is reviewed to provide a framework 
for the development of assistive technologies in the present health, care and support mechanisms. The 
review considers the present systems in the provision of care and support, and from published literature 
investigates possible future trends. The focus of the review is centred upon why technology is being 
investigated and consideration is also given to government policy, which may influence developments in 
the future.
1.4.1 Why assistive technologies?
There are a number of factors that are driving the development of new technologies as a means of 
supporting independence.
Inadequate levels of support and care
There is evidence to suggest that the current arrangements do not provide adequate levels of care. 
During the financial cutbacks of the 1980’s, services such as ‘Meals on Wheels’ or Home Care support 
became more “thinly spread”1161. This has continued in the 1990’s with the Association of Social 
Services and the local Government Association, suggesting that home care and residential care faced 
cutbacks as social services departments faced an average 3.4% shortfall in the 1998 budget1171. This has 
culminated in a more intensive service where greater amounts of assistance are provided to a smaller 
number of people. By way of illustration between 1992 and 1996, while the total number of home care 
hours increased by 50%, there was a reduction of around 7% in the number of households receiving the 
service. The resulting change in focus has been reflected with a change in name, from the original ‘home 
help’ to the now more commonly used term ‘home care’1181. In essence this is a form of rationing, giving
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support to those identified as the most in need. Alan Maynard, Professor of Health Economics at the 
University of York has said:
“We want to do things that benefit you (older people) but we really have a limited amount 
of money and we have to go for the cost-effective{xs\"
Having ‘rationed’ formal care to those most in need, there are evidently people who require care and 
support but whose need is not being met. In 1987 the Department of Health and Social Security wrote:
‘If increasing numbers of very elderly people are to be enabled to continue living in their 
own homes, or in sheltered housing, rather than having to move into residential care, 
either a higher volume of domiciliary services will be necessary, or the currently available 
resources will have to be more specifically targeted to those in most need, and for whom 
most can be achievec£l9\'
Allen et al[20] observed unmet need in 1992, while across Europe there has been a reduction in 
long-stay facilities which has not always been counter balanced by an expansion in home care 
services1211.
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An ageing society
Of fundamental importance to this research is the question of whether there will be a need to provide 
more care in the future? From the proceeding it is clear that older people are the main recipients of care 
and that care is currently being ‘rationed’ through financial constraints. If the user base, the number of 
older people, increases then the available services will be ‘stretched’ even further. Figures by the 
Commons Health Committee and echoed by the Department of Health suggest that 5.1% of the 
population is currently aged between 75 to 84 with 1.7%, aged 85 and over. By 2021 it is suggested that 
these figures will have increased to 6.2% and 2.3% respectively1221. The European Commission has 
predicted that between 1995 and 2025 the UK will see a 43.6% increase in the 60 and over age range1231. 
Of significance is the dramatic increase in the number of centenarians. In 1996, in England and Wales 
5,523 people, 4,943 women and 580 men, were aged 100 or over, by 2036 it is estimated that there will 
be 39,000 centenarians1241. Possible demographic changes for the UK are summarised in Table l . l 1251.
Table 1.1: Population structure in the UK
1987 1997 2007 2017 2027
Total Population('OOOs) 
Percent aged
55355 57062 58110 58869 59616
0 - 4 6.4 7.0 6.1 6.2 6.3
5 - 15 13.7 14.3 14.8 13.2 13.6
16 - 64 64.3 63.0 63.5 63.1 60.9
65 - 74 8.9 8.4 8.1 10.0 10.3
75+ 6.7 7.3 7.5 7.5 8.9
Dependency ratios (%) 
Child (0-15)* 31.3 33.8 32.8 30.7 32.7
Elderly (65+)** 24.2 25.0 24.6 27.8 31.6
Overall*** 55.6 58.8 57.4 58.5 64.3
* Persons aged 0-15  as percent of person’s aged 16-64. 
“ Persons aged 65 and older as percent of persons aged 16-64. 
***The ratio of those aged <16 and >65 to those aged 16-64.
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Table 1.1 highlights the dependency ratio, defined as the ratio of people of working age compared to 
non-working age groups (<16, >65). Considering the overall dependency ratio a steady increase can be 
observed, from 55.6% in 1987 to an estimated 64.3% in 2027. At present, care provision in the UK is 
supported through tax income. With such an increase in the dependency ratio it may be difficult in the 
future to raise enough income from this source. However, in time other conditions could be deployed 
such as at present in Germany where families are legally responsible for the care of older relatives1261.
Due to the industrial revolution, demographic ageing began in the UK before many others; consequently 
the growth of the UK’s older population has been slower in the past two decades when compared to other 
western countries1271. The overall result however is that the UK is among the many countries that are 
faced with an ageing population.
Within the countries of the European Union in the past 50 years the older population (persons aged 60 
and over) has reduced from 1 in 14, to 1 in 5. By the year 2020, 1 in 4 will be aged 60 and over and this 
is represented graphically in Fig. l . l 1281. In 1991, 20.7% of the population were aged 60 and over in the 
UK with this being exceeded by Italy and Belgium with 20.8%. Germany, Greece and Denmark have 
similar age structures, with 20.6%, 20.5% and 20.4% aged over 60 respectively.
However Fig. 1.1 shows that predictions for 2020 suggest that the UK will have by far the largest 
percentage of the population aged 60 and over, and indeed the greatest rise in the number of people of 
retirement age. Denmark, closely followed by Greece, exhibit the smallest changes, yet all show 
increases of over 5%.
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Figure 1.1: P roportion  o f  p o pu la tio n  a g e d  oxer 60  in E U  countries
The increase in the numbers of older people is due to the dramatic changes in life expectancy. 
Internationally, the average life expectancy at birth in 1950-55 was 46, by 1990-95 this had risen to 62.6. 
For the UK, in 1995 average life expectancy for men was 74.5 years, while for women it was 79.4 years, 
an overall average of 77 years. By comparison, Italy enjoyed an average life expectancy of 77.8 years 
and Germany 76.8 years1291.
Throughout the world, the number of older people is increasing, and this is a triumph for twentieth 
century medicine. Indeed medicine in the twenty-first century may go further. The Aeivios science 
group suggests that by 2015 people could live forever supported by the growth of complete replacement
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organs. Depending on accident rates, the average life span is suggested at between 400 and 1000 
years1301.
The actual future improvements in life expectancy over the coming years are, at present, unknown but all 
of the literature indicates that the number of older people, and the percentage of the population they 
represent, is increasing. Older people are the predominant users of care and it can be expected that 
greater amounts of care will be needed. Indeed the proportion of people aged 85 and over who are most 
likely to need support was estimated to increase by 22% from 1990 to 1995 and by 45% from 1990 to 
2005(311. For comparison, Fig. 1.2 shows the variation in dependency ratios for a number of countries.
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Figure 1.2: D epen den cy ra tios in the UK, Europe, Japan  a n d  USA
Fig. 1.2[321 suggests that by 2025 across Europe and the developed world the dependency ratios will 
converge such that there will only be some 3 people of working age to fund support for each older 
person. Specifically for the UK, in 1961 there were almost 4 people of working age to support each 
pensioner, by 2040 it is estimated that there will be only 2|j3,341. In Germany, the increased dependency 
ratio could result in a projected contribution rate (employer’s plus employee’s) of 40% in 2035 compared 
with 18.5% in 19 841321. This introduces uncertainty about how the already thinly spread services can 
deliver the required amounts of care in the future.
A p o ten tia l sh ortag e o f  inform al carers?
A carer has been defined as a “person looking after or providing some form of regular service for a sick, 
handicapped or elderly person living in their own home or elsewhere”lj51. Carers may be formal, i.e. they 
are paid to provide care, or informal when no charge is made for their support. Informal carers have 
historically compensated for any shortfall of formal care provision and in combination with formal care 
provided greater support to some people. As the number of older people increases and formal services 
have to provide for a growing proportion of the population there may be an increasing reliance on 
informal care to bridge the gap.
People between the ages of 45 and 64 provide the greatest amount of informal care with 17% of women 
and 13% of men being carers in this cohort1’11. In particular, children are the main source of informal 
support for elderly people living alone1’61. Wenger has suggested the percentage of adults who provide 
informal care as set out in Table 1.2 .
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Table 1.2: Percentage o f adults who were carers by sex and age
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16-29 30-44 45-64 65+ Total
Men 6 11 16 14 12
W om en 7 16 24 12 15
All adults 7 14 29 13 14
Nissel and Bonnerjea’s pioneering work of 1982 focused specifically on married daughters as carers and 
gave the impression that they where most likely to take on caring responsibilities1351. However, Javis is 
of the view that people do not turn to others just because they are related to them. They turn 
overwhelmingly to people who they regularly interact with. These people may be family relatives but 
may be friends or neighbours, proximity and intimacy are more important than whether or not people are 
related1381.
In terms of the support provided by informal carers, in one study where the carer was a family member, 
half of the carers had provided care for up to 4 years and 21% for more than 10 years1391. However, other 
authors have commented that informal care is short term and cannot be relied upon for providing long­
term care[40]. Table 1.3 indicates the percentage of couples where one partner cares for a spouse.
Table 1.3: Percentage of married men and women who were caring for a spouse by age1371
16-29 30-44 45-64 65+ Total
Men 1 1 3 6 2
W omen 0 1 4 8 3
If informal carers predominantly care for family members then for this to be effective proximity is 
important. It has been suggested that 11 % of older people have all or most of their relatives living near 
by, while 51% do not have any relatives living near by[41]. Bengston et al disagree with these comments 
and suggests that few people claim to have no relatives living near by1421. Even if relatives live close by, 
how many older people are visited regularly by their relatives? In this country studies suggest that as 
many as 1 in 3 older people have not been visited by relatives in the last week and nearly half had not 
been visited by friends1411. However, informal caring is not constrained to children and partners; 
brothers, sisters, nieces and nephews can all fulfil the role[42]. Indeed, Wenger has commented that there 
are cases where friends and neighbours have provided care when relatives do not live near by[43].
Although studies tend to suggest that informal care is predominantly provided by family members and 
may not be completely relied upon to provide long term care, it has been suggested that there are 
currently between 6[441 and 6.81451 million informal carers in the UK. In financial terms, attempts have 
been made to cost informal care and these estimates conclude that informal care saves the state between 
£15-24 billion1441 or £34 billion1461 per annum.
Migration is defined as a move from one place (country, town, college, house) to another1471 and the 
physical distance between family members effects the capacity to provide informal care as shown in 
Table 1.4[27].
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Table 1.4: H ow  d istan ce affects the visiting o f  o ld e r  re la tives
Frequency of visits 0 -1 .9
Residential separation (km) 
2 -4 .9  5 -1 9 .9  2 0 -4 9 .9  50 -99 .9 100+
3+ per week 39 20 4 2 0 0
1 or 2 per week 42 44 43 11 6 2
1 -3 month 13 18 39 48 31 9
4-11 year 3 8 7 27 34 25
3 per year or less 3 10 7 11 29 65
The majority of migrations are over small areas, typically less than 20 km, with a move closer to a family 
member, or a climb ‘up the social ladder’, but with increased mobility and the convenience of air travel, 
migrations to other countries has become more common1271. For example, since the late 1970’s there has 
been a substantial growth in the number of British retirees moving to southern Spain and a few other 
Mediterranean regions1271. In the past families have been dispersed throughout the country and abroad, 
often with work dictating a move, however this trend may not continue. There are 1 million teleworkers 
in the UKt48], and through the use of computers and telecommunications where an employee is physically 
located is increasingly almost irrelevant for certain jobs. As such, many people may not need to travel to 
find work and could move back to live near their families providing informal care where necessary.
As identified spouses are the main providers of informal care, followed by children, therefore the number 
of children a couple have obviously affects the number of potential carers in latter life. Over recent 
decades the family has changed from a pictorial horizontal spread, with many children, to a vertical 
spread where there are fewer children but more generations alive. This has been referred to as the 
transition to a ‘beanpole’ family1491. The reduction of the age gap between generations observed in recent 
years may mean that a grandparent is far from being dependent1501. Indeed, in a national survey it was 
found that the grandmother was the second most frequent source of childcare for women in employment, 
the most frequent being the husband1511. As a consequence of this, in future years care could be 
reciprocated by both children and grandchildren1521.
Divorce may further affect informal care. Currently most Europeans between the ages of 60 and 74 are 
married and living with their spouses and generally they provide care for one another. The majority of 
men will be married until death, whereas women are often widowed. This is due to two reasons; firstly, 
men tend to marry women who are younger than themselves, and secondly, women have a higher life 
expectancy1531. The UK has the largest number of one-parent families in Europe and it is estimated that 
by 2019 approximately 15% of people aged 65 or older will be divorced1541. It is unclear if broken 
families will increase the number of potential informal carers with stepchildren caring or alternatively 
reduce the potential, as the family becomes fragmented and unwilling to provide support for one another.
There may also be less availability of informal carers as more women have careers, and this trend is 
expected to increase1501. Yet while there has been an increase in the number of married women working 
there is little evidence to support the hypothesis that they are less likely to provide care1551.
Tinker suggests1501 that a reduction in the number of potential informal carers is a pessimistic view. In 
order to come to this view she considers there are four components:
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1. A reduction in the number of children.
2. Increase in the number of people working.
3. The complexity of family life.
4. The emergence of the 4 generation family and their increased mobility.
It appears however that the true picture is unknown and authors are unclear as to the changes in the 
potential number of informal carers in the future. Nolan e t a l suggests that a pessimistic view is an 
accurate one, suggesting that the increasingly frail older people will require care in the community when 
the number of informal carers is declining191. As highlighted, informal care potentially saves the country 
annually between £15-36 billion, yet doubt has been raised as to the benefits of intensive informal care. 
It has been suggested that carers are more likely to receive means-tested benefits in the future as they 
have inadequate occupational pensions and tend to live in families that are less well off than families of 
non-carers1561. Consequently a spiral may result that is almost impossible to get out off, having cared for 
someone you yourself then require care and rely on the state. The Department of Health and Social 
Security has commented that although family links are irreplaceable, it cannot be assumed that the family 
can carry the whole responsibility for caring for the growing numbers of very old people. Therefore the 
wider community may have to provide support traditionally expected of the family1571.
S u pport n eeds to be g iven  to  p eo p le  w here requ ired
The home (or nursing home, sheltered housing etc.) is considered the most likely location in which to 
provide care, while people needing continuing care would also prefer to receive this within their own 
homes1581. Indeed 80% of older people want to live and stay in their own homes1101. The NHS and 
Community Care Act 1990 encourages people to stay in their own homes with additional help if 
required, yet the home care service has become an intensive service, benefiting only a few and this 
‘rationing’ may not be desirable or cost-effective. Alber has suggested that when community services 
are lacking then the stress on informal carers increases and consequently an older person reliant on such 
care may ultimately be placed in residential care1211.
Highly dependant people can also be inappropriately positioned in institutional care when it may have 
been more appropriate to provide a lower level service in the community. The Joseph Rowntree 
Foundation has highlighted that Social Services budget constraints have led to the imposition of ceilings 
for expenditure on individual community care packages1591. These ceilings are set with reference to the 
cost of residential care and the Independent Living Fund (ILF). The ILF ‘tops up’ Social Services 
provision when the community care package costs in excess of £200 a week, however the ILF ceilings 
have not changed since 1993 and people over the age of 66 do not qualify for the ILF. Some people are 
therefore in residential care against their will because of a failure of social services and health authorities 
to agree the funding of a community care package. Others are in residential care because different local 
authorities dispute their responsibility for funding. There are also indications that people are placed in 
cheaper but inappropriate nursing homes because of local authority budget constraints1591.
People want to stay in their own homes independently, yet independence goes beyond support for the
basic activities of daily living1601. Independence is a multidimensional concept associated with the
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physical and social context of people’s lives, their resources, personality, attitudes and motivations. 
Independence is concerned with the degree to which individuals have control over their environment and 
can exercise choices regarding their activities and the support or care services that they receive1611. The 
importance of independence is such that it is ‘valued above all else’ by older people1101. Yet while 
government policy reflects that older people should be given the choice and ability to stay in their own 
homes in the community158, 621, the lack of home care and funding constraints can result in such a 
possibility not being open to everyone.
In respect to where people live in 1997 it was stated that approximately 90% of older people lived in 
ordinary accommodation either owned by themselves or rented2, 5% lived in sheltered housing and 5% 
lived in some form of institutional care1631. A further article supports these figures by suggesting that 
11% of retired people live in sheltered housing, residential or nursing home care1641. The majority of 
these people in sheltered housing or institutional settings will be considerably older than 65 as disability 
rises rapidly with age1121 and the proportion of people aged 85 and over in some form of institutional care 
is believed to be around 20%1651.
Evidently the majority of older people live in, and want to stay in, their own homes, however staying at 
home may not be conducive to good health. Some 60% of pensioners who live on their own are in 
poorly heated houses and cold weather is estimated to cause up to 60,000 premature deaths a year with 1 
in 3 ordinary homes being deemed ‘unfit’. Government figures estimate that the cost of cold and damp 
housing to the NHS is approximately £1 billion a year1661 while poor housing per say costs the NHS an 
estimated £2.4 billion1671. Throughout England in 1991, 12.4% of single people aged 60 and over lived in 
the worst dwellings compared with 7.6% of older couples. The worst conditions were experienced by 
single older people aged 60 and over in the private rented sector. These people occupied 46% of the 
worst houses in 1991 compared with 34% in 1986. Older couples occupied 32% of the worst private 
rented housing, which was the same as in 19861681. Despite this, published literature supports the view 
that older people would prefer to stay in their own homes.
In his book on residential care ‘The L ast Refuge' published in 1962, Townsend concluded that there 
should be a greater provision of purpose built accommodation to enable older people to lead independent 
lives1691. Seven years latter in 1969 Category 1 and 2 sheltered housing schemes were first described in a 
Ministry of Housing and Local Government Circular1701. Category 1 schemes are purpose built dwellings 
for relatively independent people and a warden is not present on site, although some schemes provide a 
community alarm system. Estimates of provision in England indicate that there are currently around 
387,000 Category 1 dwellings1711. Category 2 schemes cater for a more vulnerable or dependent people. 
Typically, they are self-contained dwellings in a single block with communal facilities such as a common 
room and laundry room. Category 2 schemes normally have an on-site warden. There are some 430,000 
of these units in England1711 with approximately 17,000 schemes1721. The role of the warden is difficult to 
define but perhaps may best be described as enabling the tenant to live an independent life1161. However, 
there is uncertainty over the future role of the warden. The National Federation of Housing Associations
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has commented that the NHS and Community Care Act has undoubtedly had ramifications for the 
warden service, with the funding of care packages and the increased pressure on local services. They 
suggest that the Act’s emphasis on people staying in their own homes has reinforced the case for a 
review of the warden service1731, while the Audit Commission of 1998 comments that the ‘good 
neighbour’ role is questionable and a review of sheltered housing and the warden is required. The 
reasons suggested are that new occupants of sheltered housing are relatively fit and do not need the 
assistance of the warden, while other longer-term tenants have high levels of dependency that wardens 
are struggling to cope with[71].
A further category subsequently developed, although it does not officially exist is referred to as either 
Category 2Vi, very sheltered or extra care1161. Provision is provided for on-site care as opposed to support 
and the ‘good neighbour’ philosophy of Category 1 and 2 schemes, as such they cater for people with a 
greater degree of frailty1711 and falls in-between Category 2 and Part 33 residential care[161. The generic 
term 'sheltered housing' is often applied to all three categories1711, although the Housing Act of 1985 
refers to sheltered housing as having access to the services of a warden and communal facilities1741.
One of the greatest problems facing sheltered housing is that there is a decline in demand for such places 
since the majority of older people want to stay in their own homes. A 1994 survey in England and Wales 
found that 92% of local authorities and 79% of large housing associations had ‘some difficulty’ in letting 
sheltered housing1751. In 1995 a similar survey discovered that 78% of large and 33% of small Housing 
Associations had 'some difficulty’ in letting sheltered housing1761. While in 1997, 87% of local 
authorities revealed that they had ‘difficult-to-let’ sheltered housing units176,771.
The future of sheltered housing is therefore uncertain and its role is either likely to decline or to be used 
to support increasingly frail tenants1711. For instance, the average age for new tenants entering Hanover 
Housing Association sheltered housing schemes is now 781781. The ethos of the NHS and Community 
Care Act makes it more difficult to justify tying resources to property rather than to people; consequently 
the Audit Commission stated that “sheltered housing must re-invent itself as provision for older people 
who prefer the presence of a supportive community, or it must re-think the levels of need it is able to 
support1711.”
Despite funding difficulties resulting in some people being inappropriately positioned in institutional 
care it should be noted that assisting people to stay at home is cheaper than providing specialised housing 
at all levels of dependency179'811 as illustrated by Table 1.51791. However, if informal care was costed and 
added then staying at home becomes more expensive than Category 1 and 2 sheltered housing but 
cheaper than Category 21/21791.
Chapter 1
Sheltered housing is referred to as categories 1,2 or 2Vz, while residential care is referred to as Part 3 12
Chapter 1
Table 1.5: Average gross costs (£1994) per person per annum per housing type
Average for all levels of 
dependency £’s (1994)
The most dependent £ ’s 
(1994)
Living at home 7,353 7,890
Living in Category 1 housing 8,436 9,537
Living in Category 2 housing 9,618 11,034
Living in Category 2Vz housing 14,825 16,378
A  further analysis by Tinker included residential and hospital care and indicated that staying at home 
with a package of statutory services was again cheaper on average than all types of sheltered housing, 
residential care and hospitals182,83]. Despite the problems for sheltered housing referred to above, it is a 
resource that is likely to be evident for many years to come. There are over 817,000[71] units in England 
alone and such an investment cannot be ignored.
A final option considered by 19% of families is for the family member to co-habit[431. Data from the 
Office of Population, Censuses and Surveys suggests that 2% of men and 7% of women lived with a son 
or daughter in 1994 with 9% of men and 4% of women living with a spouse and others1841. Co-habiting 
is not necessarily the best option, 80% of older people want to stay in their own homes and limited 
research in Northern Europe indicates that older people do not in general want to live with family 
members1851. Finally, loneliness can be higher in this group than any other sub-group1431. This is often 
attributed to family relations limiting, confining and frustrating older family members1861. This is an 
important issue because loneliness and isolation can lead to subsequent mortality1871.
The Relatives Association has commented that it is the personal support with everyday living which 
makes the difference between vulnerable people living in the community or entering institutionalisation. 
They suggest the everyday assistance required could be negotiating the complexities of rent payments or 
resolving problems with water, gas and electricity suppliers1881. Such assistance could be provided by 
wardens or home carers and enable people to maintain their independence in the community. It is 
evident that the community is increasingly the place where care needs to be delivered and where it will 
continue to be delivered in the future. However, with demand likely to increase over coming years, 
concerns can be raised regarding the ability to deliver the appropriate services.
It could be concluded from the above that home care is an important component of the care delivery 
system and Halamandaris1891 gives 20 reasons for the importance of home care and states that:
“There is no question in my mind that home care is the wave o f the future” .
Nevertheless, Van Haastregt1901 et al in a 2000 study commented that:
‘Wo clear evidence exists for the effectiveness o f preventive home visits to elderly people 
living in the community. The observed effects of the interventions are considered to be fairly 
modest and inconsistent, especially as preventive home visits are costly and time 
consuming... I f substantial improvements in effectiveness cannot be achieved, consideration 
should be given to discontinuing such visits. ”
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The outcomes measured in this instance were physical and psychosocial function, falls, admissions to 
institutions and mortality. This view would not necessarily be consistent with the evidence and cost 
implications expressed above.
In creasin g  healthcare costs as so c ie ty  ages
Due to the changes in demographics when the National Health Service began life expectancy was around 
50 years and 60% of the population was under 20|34). Today life expectancy is closer to 80 and soon 
50% of the population will be over 501’41. The healthcare costs for older people are significantly higher 
than those of other age groups and in 1993 people aged 65 and over accounted for only 16% of the 
population, but more than half, around £6.4b, of the annual expenditure on hospital and community 
health services1541. Over the coming years there will be a significant increase in the number of older 
people, especially those aged 85 and over and it is this cohort who represent the greatest per capita spend 
at 5 times that of the 50 to 64 age group1541. Tinker suggests public expenditure in England on personal 
social services to be as shown in Fig. 1.3|31.
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Figure 1.3: A verage p e r  ca p ita  expenditure on p erso n a l so c ia l serv ices by a g e  g rou p
Relative to the economically active cohort of those aged 45 to 64, the per-capita expenditure on health 
services in the UK increases by 278% in the age group 65 to 74, by 563% in the age group 75 to 84 and 
by 1034% in the age group 85 over1911. In 1992 Department of Health economists estimated that 
expenditure on older people would need to increase by around 0.7% per annum over the next 10 to 15 
years just to keep up with demographic change1921.
This increased expenditure is evident across all budgets. In 1980 the social services and residential care 
budget was £18m, rising to £459m in 1986, with a staggering rise to an estimated £ 1.9b for 1992,9j). In 
total the care costs for older people in the UK amounted to £ 10b in 1995, and is expected to rise to £28b 
by the year 2030[94).
If potential difficulties can be detected earlier than at present then assistance can be provided and 
consequently there is move from a reactive to a preventative system that should result in a reduction in 
per capita healthcare costs1951. This is an important consideration in assisting people to live longer, 
healthier lives but with a reduced period during which they may need support. This is termed 
compressed morbidity and was first introduced by Fries in 19801%1.
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There is conflicting evidence about compressed morbidity. Some argue that it is not occurring; others 
have suggested that it is but only in respect to some illnesses and disabilities1975. Its importance should 
not however be in doubt. Prophet1985 has commented that compressed morbidity should be “... an 
explicit policy objective across all departments of government ...”, and added that "... it is the greatest 
challenge for medical science and health education for the twenty first century ...”. She also affirmed 
that “...if morbidity rates can be reduced by 1% per annum, then publicly funded care costs can be 
reduced by 30%, or £6.3 billion per annum by 2030." Assistive technologies could be used in achieving 
this goal.
Older people are increasingly using technology to aid their independence
Older people are increasingly encountering a range of technologies. For example, one survey of 
residents in sheltered housing revealed that 44% had their own video recorders and 45% their own 
microwave ovens1995. Familiarity with a technology makes it easier to learn, but this is not solely related 
to chronological age51005. With this in mind the Royal Commission for long term care expects that in 
future older people will be as comfortable with computer controls as the present generation are with 
telephones51005. The view that older people do not want technology and cannot use it is becoming dated. 
Many older people are seeking to use technology and if a direct benefit can be derived from its use then 
there does not appear to an obstacle in acceptance. Indeed users can actually become the drivers behind 
the introduction of the new technology.
Technology can improve lifestyles
The Royal Commission report referred to-above also stated that:
“People constantly look to modem technology to improve their lifestyles. One o f the ways 
in which life could improve for older people is in the harnessing o f new technology in new, 
imaginative and profitable ways11001.”
For example through access to information, services and leisure pursuits.
1.5 Government Policy
Since the commencement of the research in September 1997 there has been a change in government 
policy towards establishing a better-integrated service between health, social services and housing. The 
present government, through the initiatives outlined below, recognises that there is an increasing demand 
on health, care and housing providers and is therefore seeking ways to help prevent, reduce, delay and/or 
meet part or all of these demands.
1.5.1 Preventive Agenda
The meaning attached to prevention is both ambiguous and changing. Within the White Paper581 ‘Caring 
for People’ and the subsequent legislative framework in the NHS and Community Care Act, there was an 
explicit focus on prevention in terms of maintaining vulnerable people in their own homes and out of 
residential care. In 1997 the Department of Health publication51015 ‘Better Services for Vulnerable
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People’ emphasised the development of recuperation and rehabilitation services to offer older people the 
opportunity to optimise their independence. A 1998 Department of Health publication11021 went further, 
with preventive services encompassing not only those at the boundary of institutional or acute hospital 
care but also those at risk of losing their independence. The shift in policy to supporting people in the 
community according to their needs is further highlighted by the proposed reform of housing benefit, 
with the separation of housing and care/support. Indeed the very title of the Department of Social 
Security proposals ‘Supporting People’11031 underlines the policy shift. Evidently the preventive agenda 
is gaining momentum and clearer strategic plans are being made for the increasing percentage of older 
people in society11041.
1.5.2 New Deal for Communities
In its report ‘Bringing Britain Together: A National Strategy for Neighbourhood Renewal’11051, the Social 
Exclusion Unit identified information technology as a key action area for tackling exclusion in deprived 
neighbourhoods. Social exclusion can be defined as the loss of access to the most important life 
opportunities that a modem society offers, particularly the ability to participate effectively in the 
economic, social, political and cultural aspects of that society11061. Loneliness can result from exclusion 
and Table 1.6 demonstrates that at any particular time throughout Europe there are varying proportions 
of older people who are feeling lonely1211. This is particularly important in appreciating that loneliness 
and isolation can lead to poor health and depression with some evidence suggesting a link between low 
levels of social contact and subsequent mortality11071.
Table 1.6: P ercen tage o f  o ld e r  p eo p le  in Europe w ho express fee lin g s  o f  lon elin ess
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Percentage Country
<5 Denmark
5-9 Germany, Netherlands, UK
10-14 Belgium, France, Ireland, Luxembourg, Spain
15-19 Italy
20+ Portugal, Greece
It has been suggested that there is a close link between tackling social exclusion and the adoption of 
preventive strategies. This is centred on how future resources are likely to be allocated so that instead of 
providing curative services such as medicine or cash benefits, there is earlier intervention11081. Low cost 
home video-conferencing systems could reduce social isolation by bringing people together virtually in 
their homes. However, technology could also create isolation, being used as a substitute for human 
contact11091.
1.5.3 Supporting People4
In December 1998, the government published a consultation document11101 that proposes widespread 
changes to the funding of local services to vulnerable people from April 2003, with a transitional period 
based on current spending levels of approximately £800m in the interim. It considers that the present 
funding streams are complicated, uncoordinated and overlapping.
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The document proposes the bringing together of Housing Benefit funded supported housing, including 
sheltered housing, and certain other funding streams including Housing Corporation Supported Housing 
Management Grant, Home Office Probation Accommodation Grant and Department of the Environment, 
Transport and the Regions funding for Home Improvement Agencies, into a single “corporate” pot which 
will be distributed to local authorities to plan, commission and fund support services at a local level on 
the basis of individual need. The government’s stated aim is:
"To enable more flexible responses to the individual needs and housing preferences of 
vulnerable people . ”
The document recognises the important interrelationship between housing and support, but wants to 
ensure that provision can be made over a broad range of accommodation types. This would make it 
easier to respond to changes in an individuals’ support needs without requiring them to move. Moreover, 
by giving housing, social services and probation services a joint role in deploying the resources, the 
government’s proposals aim to produce an integrated strategy by promoting joint decision-making at the 
local level.
It is highly likely that this will have an affect on the funding mechanism of assistive technologies. At 
present, community alarm charges are regarded as an eligible cost for Housing Benefit purposes and are 
likely to remain so under the transitional arrangements. However, the case for the revenue funding of 
assistive technologies services, even if linked to a community alarm service, under these arrangements 
still needs to be made. Similarly, subject to eligibility criteria yet to be determined, the proposed future 
funding system requires clarification as to whether the costs of assistive technologies, especially if 
delivered through an integrated housing, care and support service will be met.
1.5.4 Direct Payments
From April 1, 1997, instead of an individual having to receive the local authority carers it became 
possible for people to organise their own carers, as long as the care package they received met their care 
needs as determined by a Social Services assessment. Direct payment does not have to be used, but 
allows the individual to organise what time the home help comes, for instance to assist in getting out of 
bed, instead of the time given by the social services department11111. However, Social Services’ 
categorisation of people over 65 as ‘elderly’ means that people aged 65 and over have not yet been able 
to access direct payments1591.
1.6 Conclusions
At the beginning of the project it was believed that there was a need to identify a product which could 
gather data about individuals within their own homes and make this data available to organisations who 
could respond to and assist the user. The actual data to be acquired and the market were unknown and as 
such several questions emerged:
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■  Can technology assist people to maintain their independence?
■ If technology can be used, what form should it take, from both the end users and providers 
perspective?
■ What are the implications for introducing advanced technology, in terms of:
■ financial considerations, and
■ service delivery
Before these questions could be considered, the potential user group needed to be identified. When 
investigating the present support and care system it was clear that older people would be the primary user 
group as they absorb the greatest resources. For example, in 1996, 83% of the recipients of home care 
were aged 65 and over while 64% were aged 75 and over1131. Having identified the end user the reasons 
for the investigation of assistive technologies revealed:
■ The current support and care system was unable to meet the demands upon it. An intensive service 
is being delivered where greater amounts of assistance are provided to a smaller number of people. 
Thus between 1992 and 1996 the total number of home care hours increased by 50% while the 
number of households receiving the service declined by around 7%[181.
■ The UK and much of the developed world are facing a situation where the numbers of older people 
are expected to increase dramatically. The European Union has predicted that between 1995 and 
2025 the UK will see a 43.6% increase in the 60 and over age range1231. In line with this the 
proportion of people aged 85 and over who are most likely to need support increased by 22% from 
1990 to 1995 and by 45% from 1990 to 20051311.
■ Informal carers are people who provide care without a charge to the government. There are 
currently between 6[44) and 6.81451 million informal carers, saving the state between £15-24 billion1441 
or £34 billion1461 per annum. However, doubt has been cast over the possibility of this continuing.
■ The majority of people (80%) who need support would prefer to stay in their own homes for as long 
as possible with this being reflected in government policy. Providing assistance to people in their 
own homes is also the cheapest option if informal care is not included in the calculation. When the 
cost of informal care giving is included, care provided in sheltered housing can, for example, be a 
cheaper option.
■ Older people absorb the greatest amounts of care and also the greatest proportion of hospital 
resources. The average per capita spend on services for people aged 85 and over is five times that of 
the whole of the 50 to 64 age group1541. Department of Health economists estimate that expenditure 
on older people will need to increase by around 0.7% per annum over the next 10 to 15 years just to 
keep up with demographic change1921.
■ Older people already use technology to aid their independence and the Royal Commission for long 
term care expects older people in future to be as comfortable with computer controls as the present 
generation are with telephones11001.
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■ People constantly look to technology to improve their lifestyles. One of the ways in which life could 
improve for older people is in the harnessing of new technology in new, imaginative and profitable 
ways11001.
Government policy has also influenced the debate on the use of assistive technologies as the government 
increasingly focuses on prevention. The NHS and Community Care Act sought to enable people to 
maintain their independence in the community and this position has been strengthened by the proposed 
reform of housing benefit with the separation of housing and care/support[1031. As a way of preventing 
isolation and the potential for subsequent mortality,11071 the Social Exclusion Unit could seek to use 
technology to enable virtual neighbourhoods, where older people could interact with others from the 
comfort of their own homes.
Evidently the present system may be considered as not providing the levels of support and care needed 
and that the situation could well worsen as society ages. Government policy would indicate that 
prevention is high on the political agenda, but in order to achieve this, regular information on the health 
and lifestyle of users needs to be acquired. Providing this information by human assessment is unlikely 
to be viable as there would be insufficient resources, but it would also be undesirable as it would be 
unlikely that people would welcome weekly or daily monitoring by a nurse or other professional with 
such regular visits possibly being considered as highly intrusive. However, continuous monitoring could 
be achieved with the use of technology and it was believed that such data acquisition would not be as 
intrusive. It was against this backdrop that the use of assistive technologies was investigated.
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Chapter structure: The a ss is tiv e  techn ologies cu rren tly  a va ila b le  a re  d e sc r ib ed  a lo n g  w ith research  a n d  
d evelopm en t work that s ta r te d  p r io r  to  this p r o je c t a n d  that w hich has con tin u ed  sin ce  the p r o je c t  
com m enced. P articu lar a tten tion  is g iven  to  telecare, te lem ed icin e a n d  sm art hom es.
Assistive technologies could be a way of lowering dependency and of enabling more people to live 
independently in the community. Many of those who choose to stay in their own homes also see 
technology as a possible way of supporting their independence, security and well being1" 21. However, 
the use of assistive technologies to assist in the support and care of older people is not new. Physical 
aids such as walking sticks and bathing lifts are examples of assistive technologies but from the 
preceding chapter and section 1.2, the initial objectives, it is evident that the focus of this research is the 
ability to remotely assist people in the community. As such, there is only one assistive technology that 
currently fits this description, community alarms.
2.1 Community Alarms
These were first introduced in 1948 where residents on a sheltered housing scheme in Devon were able 
to activate a bell that sounded in the warden’s home. The next technical development was two-way 
speech from a switchboard in the warden’s onsite home. Then during the 1970’s, small portable 
receivers became available and these were carried by the warden throughout the scheme. In order to 
communicate with residents the receiver needed to be plugged in at an intercom point located either in 
the warden’s own flat, office, common room or another residents flat1'61.
The first community alarm control centre linking a number of sheltered housing schemes together and 
providing cover when wardens were off duty was introduced in the London Boroughs of Hammersmith 
and Fulham in 19791" 31. However, despite the relatively long history of community alarms an agreed 
definition is still lacking1" 41 and the ‘mainstream’ equipment is very much the same as it was in 19881" 51. 
The structure of the current community alarm system is shown in Fig. 2.1.
loudspeaker
Figure 2.1: A curren t com m unity a larm  system
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The system begins when a user activates their radio pendant or pulls an appropriate alarm cord. Once 
activated the control centre is contacted through the telephone system and an operator is available to 
provide assistance. If all of the operators are busy then the caller is placed on a sequential queue, as no 
information is gathered from the caller regarding the nature of the call the control centre cannot therefore 
prioritise calls. Consequently, if two calls are queued and one relates to someone requiring medical 
attention while the other is a request for information, the priority is based on the time these calls were 
received which may result in the caller in need of medical attention having to wait while a less urgent 
call is answered.
When the caller is answered information is retrieved from the control centres database on recognition of 
the callers telephone/equipment number using Caller Line Identification (CLI) and displayed on the 
operator’s terminal. The information retrieved relates to the callers residence, details of people who will 
respond to a generated call refereed to as responders, services they receive, their location, doctor and 
warden if appropriate. Once the control centre operator has established, in combination with the caller, 
the nature of the call they will respond accordingly. As indicated in Fig. 2.1, the main response is to 
contact the social services, responders, emergency services or doctor, however anyone on the telephone 
system can be contacted.
The predominant providers of community alarm services are local authorities with the second largest 
group being housing associations1116]. In 1994, 75% of local authorities and 21% of the larger housing 
associations provided a community alarm service11171 totalling in excess of 260 service ‘providers’11181. It 
is thought that about 11% of people aged 65 and over who live independently have a community 
alarm[115], representing about 1,160,000 people in the UK11191. Fisk has suggested that there might be 5 
million users world-wide11201.
With the exception of the control centre operators the community alarm system has no intelligence and 
therefore cannot play a preventive role. No information is provided to the system until the user contacts 
the control centre, hence it is reactive rather than seeking to identify situations and intervene where it 
would be advantageous to do so.
Despite this, research on community alarms suggest that users are highly satisfied with them11001. In a 
survey11211 of 2,596 community alarm users in Birmingham, 80% of respondents thought that the 24-hour 
operation of the control centre was very important and 86% thought that it worked well. The benefits of 
community alarms are considered to be11221:
■ The reduction in anxiety, from a users and their families perspective.
■ A reduction in the number of hospital admissions.
■ The promotion of earlier discharge from hospital.
■ The potential to delay entry into nursing homes.
■ A reduction in the need for home care.
Not withstanding the success and widespread use of community alarms, it could be suggested that they
are under used and that many other people could benefit from their use. Local authorities have tendered
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to only supply alarms to older tenants in social housing and not to people living in other types of housing 
or other vulnerable user groups such as women and children at risk of violence, sufferers of HIV Aids or 
people of all ages who suffer from a mental illness11181. The 1992 Ealing judgement commented that 
community alarms were a social rather than housing related service, raising doubts about the power of 
housing authorities that are not also Social Services authorities to provide community alarms. The 1993 
Leasehold Reform, Housing and Urban Development Act tried to clarify the situation and gave local 
authorities the power to provide community alarms as part of the landlord function in social housing. 
However, in 1998 it was still unclear whether district councils can provide services other than to local 
authority tenants11141.
Another important issue is the importance of the alarms to users. Studies have shown that the value of 
alarm systems as perceived by tenants is relatively low, and considerably less significant than the nature 
of the accommodation occupied1123, 124]. A 1992 survey of 350 users in the UK found that 56% of 
respondents considered that their device was ‘most wanted’ by others, i.e. family relatives wanted the 
community alarm for an older member of the family. The same study noted that 27% of users ‘never’ or 
‘just occasionally’ wore the radio pendant that is essential for remote activation11251. A study in 1986 
estimated that 40% of users did not wear their pendants11261 and a 1995 American study suggested that 
less than 50% of users wore their pendants11271.
An alternative way of generating an alarm call is by means of a pullcord. However, there is also 
evidence that people are not always able to activate them when needed. A survey11281 of Anchor Trust 
tenants in 1984 discovered that 59% of tenants had tied at least one pullcord up so that it no longer 
reached from the ceiling to the floor. Thus if the occupant fell, they may be unable to reach the pullcord 
and raise the alarm.
The greatest limitation of the community alarm system is that the user must initiate the call. Until the 
user activates the alarm call the warden or control centre is unaware of a problem and no assistance can 
be provided. There are two main reasons why a user may not activate an alarm call11081.
1. They are unable to activate the alarm:- They may be unable to reach the pendant or pullcord or they 
may be unconscious.
2. They may not consider themselves in need of assistance: They may be unsure as to whether they 
need assistance. For example, they may not be sure whether they should contact the doctor or not 
and may not call for assistance.
A further limitation of the community alarm system was identified by Thornton and Moutain11291 who 
refer to evidence from American studies that some community alarm users perceived themselves as more 
rather than less vulnerable because of the service. Fisk11301 has also highlighted this concern, 
commenting that the benefits obtained can be at the expense of an individual’s confidence and self­
esteem.
However, despite the lack of machine intelligence built in to the community alarm system, an
infrastructure has been created that could be built upon. Specifically, if lifestyle and medical data could
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be gathered then the benefits of appropriate intervention might be considerable. The remainder of this 
chapter considers the developments that could be used to gather the information required to support a 
preventative as opposed to a reactive strategy to care provision in the future.
2.2 Telemedicine and Telecare
Tele derives from the Greek word for far[1311, and both telemedicine and telecare allow health care to be 
delivered at a distance11001. Telemedicine has been defined as:
“the p ra c tise  o f  m edica l care using in teractive aud io -visu a l an d  da ta  com m unications; 
th is includes the de liv ery  o f  m edical care, d iagnosis, consu lta tion  an d  treatm ent, as w ell as 
health  education  an d  the transfer o f  m edica l d a ta [n2]”.
Telecare is an emerging area of distance nursing and community support11331, enabling support and care 
remotely and gathering information so that people can be enabled to stay independent and well in the 
community. As indicated, this is the focus of this research.
Despite their differences the terms telecare and telemedicine are increasingly being used interchangeably, 
the difference being that telecare involves the patient’s home or non-institutional setting11341. 
Nevertheless, both seek to deliver healthcare services remotely using Information and Communications 
Technologies (ICTs). The qualitative benefits of telemedicine and telecare have been widely published 
and may consist of:
■ The empowerment of patients. Obtained through the provision of information, the involvement in 
the management of their condition, and allowing them to make choices about their treatment1581.
■ A reduction in the duration of hospital stays. By implication therefore, a reduction in the costs of 
hospitalisation, since the patient can be monitored remotely11351.
■ The delay or avoidance of admission to nursing homes11161.
■ Improved utilisation of healthcare professionals’ time and the improvement of patient medicine 
compliance1581.
■ Accelerated diagnosis and treatment11351.
■ A reduction in the anxiety of patients11161, and by implication their families.
A more comprehensive list of published benefits is highlighted in Appendix A2.1.
2.3 Smart Homes
Smart housing, sometimes referred to as ‘intelligent housing’, ‘domotics’11361 or ‘smart homes’, are terms 
used to describe the integration of services and technologies in the home with the purpose of automating 
them and obtaining an increase in safety, security or comfort11361. Examples include door and window 
openers, heating and environmental controls, lighting, domestic appliances and security devices as well 
as telephone and video surveillance11371. It could also include telemedicine so that the monitoring process 
can include daily health checks11001.
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The Integer company are pioneering new technology systems alongside more efficient construction 
methods and green energy-saving techniques. The company estimates that its new homes, including 
some smart home management, would cost around 15% more to build than traditional homes. Over 30 
landlord organisations are sponsoring Integer, including the Housing Corporation11381.
In the development of smart homes there have been a number of communications protocols that have 
been used to provide the in house infrastructure. Ensuring the compatibility of devices was a key 
challenge in a recent smart home project11391, and the number of communications protocols may have 
hindered the deployment of smart home technologies. For example, BatiBus was developed by Merlin 
Gerin, a French company; the European Installation Bus (EIB) is similar to the BatiBUS and was 
developed by several German companies; while the European Home Systems (EHS) bus was developed 
by Philips, Thomson and WEG[140]. However, recently a new standard has been agreed, HBES, presently 
known as the ‘Convergence’ protocol which is a merger of BatiBus, EIB and EHS. This is being led by 
the European Homes Systems Association with collaboration from Siemens and Schneider11401. The 
range of services offered by Smart Homes is large and some examples are provided in Table 2.1[1081.
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Table 2.1: Examples of the range of services offered by smart homes
Service Group Examples include
Building
Based on monitoring the 
performance of the building
Heating and
energy
management
Gas/water
supply
management
External and 
internal lighting 
control
Fire alarms
Security
Based on the safety and 
security of residents
Doors and 
window
opening/closing/
locking
Selective 
access control
Personal alarms Intruder alarms
Home control
Operated by the individual to 
facilitate independent living
Doors and 
window
opening/closing
Opening/closing
curtains
Turning on and 
off lights
Using
equipment
Telecommunication
Provide access to 
information and
Information on 
recreation and 
local services
Library services Shopping
services
Meals services
communication services
Early Smart Home concepts from 1983 assumed that by last decade of the twentieth century people 
would live in ‘electronic cottages’ provided by an omnipresent artificial intelligence. Although computer 
and communication technologies have developed enormously over recent decades, these concepts did not 
become reality by the end of the twentieth century. In order to be effective a Smart Home requires 
considerable amounts of data acquisition, artificial intelligence, knowledge about its environment and the 
world, and ideally speech input technology and cheap communications. Today each of the technologies 
is available, but the level of system integration is still low1621. Recent predictions suggest that all new 
homes in Western countries will be ‘intelligent’ from 2010[1411.
2.4 Acceptability Of Assistive Technologies
Burley has commented that:
“community care is regarded by professionals working in the fields of social and health 
care as the preferred model of care. The growth we have witnessed in the residential and
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nursing home sectors over the last two decades will be reversed during the next two.
Smart homes, assistive technologies and telecare will provide the infrastructure to support 
the community care model11421 ” .
However, there is little evidence to support such a claim. In their November 1997 review of telecare 
activity in the UK, Curry and Norris observed that only a very small amount of work, carried out in the 
filed is ever published and suggested that literature reviews and Internet searches revealed very little. 
They considered that what knowledge is available is best acquired through contacts with researchers1581. 
This is evident when analysing the number of publications listed on the Medline5 database which 
contains details of over eight million articles in 20 languages11351. When searching under the term’s 
‘telemedicine’ and ‘telecare’ in 1990-92, 47 articles were evident, with this increasing to 287 in 1993-95 
and 678 in 1996- 1998[1431. By comparison over 2 million articles relating to healthcare are published 
annually11441.
2.4.1 Intrusion
It was suggested earlier that in some circumstances the benefits obtained from the use of community 
alarms are at the expense of an individual’s confidence and self-esteem. This is associated with how 
intrusive the ‘aid’ as perceived by the end user. Fisk has argued that intelligent systems can be 
acceptable provided that the following issues are addressed11201:
Attitude to technology
Users must not regard new hardware as an sign of dependency, i.e. a badge of dependency or disability. 
Promotion and marketing
Attention should be given to the positive aspects of new devices and technologies rather than on negative 
associations of fear, anxiety, falls etc.
Aesthetic design
Reducing the visibility of the equipment to the point where it blends into the background or can be 
hidden.
User empowerment
Ensuring that control over the transmission of data outside of the home rests in the hands of the user. 
Automatic operation
Limiting the need for the user to interact with the equipment so that it appears less intrusive.
If these issues can be addressed then Fisk believes that assistive technologies can benefit an individual, 
but for an assistive technology to be beneficial the individual has to recognise that they have a need and 
that it can be met. Acceptability therefore depends in part on the perceptions of the users11001. 
Occupational Therapists (OTs) are well aware that certain assistive technologies are used for other
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purposes, for example compact trolleys being used for walking aids, bath boards becoming surfaces for a 
bar of soap, or simply not being used. This does not mean the original OT’s decision was flawed, it will 
normally be the result of an older person’s functional capacity having changed over time11451. 
Assessment is seen to be the comer stone of high quality care but assessments are a ‘snap shot in time’ 
and older peoples needs change considerably with time11451. It is hoped that through the use of assistive 
technologies, and telecare in particular, that data can be gathered over time and avoid this ‘snap shot in 
time’; indeed Doughty e t a l have developed a protocol to automatically gather and continually assess 
some of the activities measured in the Activities of Daily Living (ADL) assessment11451.
2.4.2 Why should assistive technologies be used?
Prevention is a key goal of current government policy in the UK and present community alarm systems 
do not provide the necessary information to address preventable declines in a users health. Integration of 
home telecare data with community care information systems is essential if data captured at home is to 
be effectively incorporated into the care process11461. At present, information supplied to the care system 
is provided by the user but there is evidence to suggest that older people are often reluctant to call for 
medical assistance because11471:
■  They feel that old age is a time for sickness and disability and that not feeling well is a natural part 
of ageing.
■ The effects of depression can lead to a reduced interest in feeling well.
■  The older person’s perceived view of hospital is as a place to die, therefore there is a desire to carry 
on regardless and not call for medical assistance in case hospital admission may result.
But what information should be gathered from users? Published studies agree that assessing the relative 
‘risk’ and predicting the onset of ill health is not currently attainable. Many of the studies conclude that, 
with the exception of age which can be found to be uniformly important, many of the risk factors show 
considerable variations11481. Lawrence and Assmann conclude that although studies which focus on 
predicting ill health continue to accumulate, it is still unclear what their results mean11491. Nevertheless, 
Doughty is developing MIDAS5 6 with the purpose of monitoring the lifestyle and living environment of 
users. Processing should then enable predictions to be made and potential problems to be identified 
before they occur11501. Doughty has also been instrumental in developing a fall detection unit and has 
attempted to generate a dynamic Fall Prediction Index which suggests when a person may be at risk11511. 
Despite this work, these devices are in the development stage and are not as yet commercially available.
Although it is not yet possible to assess the relative ‘risk’ of individuals or predict the onset of ill health, 
there is however a general consensus on what should be measured to indicate the onset of ill health. 
Changes in mobility in particular have been identified as a key area by several authors1108,152'155]. Other 
parameters where changes are considered to be important are1108' 152]:
■ Sleep pattern
■ Utilisation of cooking facilities
5 An on-line medical literature retrieval service sponsored by the US National Library of Medicine, as part of the 
National Institute of Health.
6 Modular Intelligent Domicilliary Alarm System
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■  Bath and toilet usage
Williams e t a/11531 suggest that the monitoring requirements can be considered under the following 
headings:
■ Physiological or medical
■ Lifestyle or behavioural
■ Personal alarm
■ Environment
■ Security
Physiological, lifestyle and personal alarm systems provide information concerning the well being of the 
user, while environmental and security systems provide information concerning the status of the user’s 
home environment1153]. The specific medical parameters to measure have been suggested as the 
electrocardiograph (ECG), blood pressure, oxygen saturation, respiration and temperature11151. Evidence 
increasingly shows that physiological measurements performed at home will become the gold standard of 
care. Monitoring of this type is preferable as clinical/hospital-based measurements are often 
distorted11561.
2.5 Telecare And Telemedicine Work Prior To 1997
The search on Medline using the terms ‘telecare’ and ‘telemedicine’ showed that since 1990-92 there has 
been a steady growth in the number of articles published in this area. However, many of these are 
concerned with specialist medical applications, for example telepsychiatry1157' 1591 or teledermatology1160" 
162J. Despite older people making the greatest demands on health care and support resources, few 
publications are concerned with older people and fewer refer to home monitoring. Indeed, the Journal of 
Telemedicine and Telecare7 published only 12 papers relating to ‘Old Age’ or ‘Elderly’ in the period 
from 1995 and 1999 inclusive11631. In this same period 20 articles were published under the headings of 
‘Home Health Telecare’, ‘Home Health Visit’, ‘Home Physiological Monitoring’ or ‘Home Telenursing’ 
while only 1 was published on community alarms. Of these 33 papers, 19 were written before 1998.
Much of the prior published material relates to theoretical aspects rather than what was being done to 
assist older people in the community. Telemedicine for example, had been developing for many years, 
but there was little evidence of its use in the community, even in small-scale trials. This is perhaps 
surprising when considering that some people say that telemedicine came about with the introduction of 
the telephone11351. Telemedicine was certainly practised by telegraph in the early 1900’s11641 and was 
practised by radio in the 1920’s when several countries offered medical advice from hospitals to their 
fleets of trade ships using Morse code11351.
Among the early telemedicine work was the research and development work into medical telemetry 
undertaken by the National Aeronautics and Space Administration (NASA) in the US. Scientists at
7 The Telem edicine Forum of the Royal Society of Medicine and the official journal of the Finish Society of 
Telem edicine and the Hong Kong Telem edicine Association.
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NASA demonstrated successfully that physicians on earth could monitor the physiological functions of 
an astronaut11351. Additional work in 1957 by Dr Cecil Wittson established the first interactive video link, 
between Nebraska Psychiatric Institute in Omaha and the Norfolk State Hospital, 112 miles away11651. 
Yet despite this, much of the published material related to theoretical considerations. A 1996 paper by 
Doughty e t a l[l66] defined 3 generations of telecare and suggested that developments were at the 1st 
generation level.
1st gen era tion  system s
Community alarms were considered as the basis of the 1st generation system. Technically simple, such 
systems had no imbedded intelligence and are entirely reliant on the user activating a call for help.
2nd gen era tion  system s
Second generation systems may have all of the features of the 1st generation system but would also 
provide some level of intelligence either locally in the home or dispersed throughout the system. For 
example, sensors might be positioned both on the user or in the home to detect alert situations and 
autonomously initiate a call for assistance if required. Second generation systems are therefore pro­
active and can generate alarm calls if the user is unable to do so.
3 rd gen era tion  system s
Third generation systems were considered to encompass the detection functions of the 2nd generation 
systems and to add additional capabilities. In addition, they would also contribute to an improvement in 
the quality of the users life by supporting teleservices such as:
■ Banking
■ Shopping
■ Interactive exercise
■ Medical diagnosis
■ Integration/interaction with other people -  teleconferencing/videoconferencing
The 3rd generation system focuses on the widespread use of telecommunications and introduces the 
concept of virtual neighbourhoods11671. Here, irrespective of geographical location people and 
organisations can be linked together and the social network of an individual extended to anyone 
connected to the system. Services can then be delivered directly into the home and greater efforts made 
to reduce loneliness and isolation.
Tang and Venables have since added a fourth generation that will involve the use of the Internet to 
deliver telecare services11681. However, the use of the Internet to deliver the virtual neighbourhood and 
teleservices could be considered as implicit in a 3rd generation system.
Fisk also suggests that community alarms are likely to evolve from their 1st generation configuration to 
2nd and 3rd generation systems and suggested that a community alarm control centre is currently an 
under-utilisation of technology that could transmit and exchange a wider array of information regarding 
the users status, mobility and well being11201.
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Much of the literature prior to 1998 was concerned with the ability of community alarms to assist people. 
For example, an American study showed that community alarms save lives, reduce healthcare costs and 
are well received by patients1169'. Other articles suggested that community alarms could improve home- 
based care co-ordination, its efficiency and quality'1701. A further Canadian study of 106 users of 
community alarms indicated that a year after the introduction of the alarm there was a 25% reduction in 
hospital admissions and a reduction from 9.2 days to 5.7 hospital inpatient days'1711. Perhaps the most 
comprehensive study of community alarms in the UK was performed by Riseborough in 1997, involving 
2,243 users and 554 officers'1181. She commented that relatively little was known about consumers’ 
views with most previous studies concentrating on technical aspects, were small scale or were done 
before the NHS and Community Care Act was introduced'1181. Her research focused on the human 
aspects of alarm services. The main results obtained were related to the following areas:
Who are the main users ?
Predominantly community alarms are used by older people but other groups have appeared partly as a 
result of care in the community. These have included people with learning difficulties; HIV/Aids 
sufferers; women and children who were at risk of violence in the home and people being discharged 
from hospital'1181.
What is the alarm for?
The report showed that the purpose of community alarms was unclear. For example, older users and 
their relatives generally believed that the service offered by the community alarm was part of the 
emergency services. Older people also suggested that they would use the community alarm to call 
someone because of actual or attempted crimes, fire and because of serious illness. There were also 
indications that older people thought they were in some sort of priority group because they had a 
community alarm'1181.
Suitability of alarms
Most older respondents thought the community alarm was suitable for their needs but there was a general 
interest in having more and better placed pull-cords and being able to obtain pendants, bracelets or other 
devices as well'1181.
In addition to the work on community alarms, some work had been published on videoconferencing and 
home telenursing. The purpose of this technology is to enable older and mobility impaired people to live 
independently and to reduce the demand on Social Service resources'1721. Much of the videoconferencing 
work was pioneered in the US in Kansas where they have a high bandwidth cable television 
infrastructure'1731. When research began in this area it was felt that a significant proportion of nurse visits 
did not require hands on care and that many of the activities involved in a visit could be handled by using 
an interactive video link and therefore saving the nurse’s time spent on travelling. Trials showed a 
strong nurse and patient satisfaction level with the system'1741. Contrary to expectations, the trials 
suggested that technology was not an important issue for the participants and that the use of telemedicine 
technology did not appear to have any negative effects on communication'1751.
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Investigations into videoconferencing for doctors had also taken place in America. One trial with 25 
patients and a 100-bed nursing home reduced the need for doctors to make home calls and saved many 
older people the inconvenience and stress of travelling to the surgery. The technology in the home was 
made from existing hardware, with additions such as a multi-function patient monitor into which blood 
pressure cuffs, stethoscopes and other medical devices could be attached. The patient’s computer was 
fitted with a videoconferencing camera which was controlled by the doctor or nurse to ensure the health 
professionals view[176]. It could be argued that this does not provide enough information to the doctor, 
but the majority of a medical consultation is concerned with speech and not necessarily spent 
observing11771.
One of the largest telemedicine projects in the US used videoconferencing equipment in prisons and 
approximately 2,500 prisoners from Texas were treated via telemedicine in 1995. The use of integrated 
computer and videoconferencing systems, with specially designed medical peripherals and cameras, 
enabled physicians to examine prison inmates from outside of the prison. This saved time and 
transportation costs and avoided security problems11781. Overall it was felt that assessment by 
videoconferencing was at an early stage of development, with more work needing to be done before it 
could routinely be employed as a clinical tool. However, it was felt that videoconferencing showed 
promise for the future11791.
The use of ICTs was further demonstrated in 1995 when during the unrest in Yugoslavia a solider was 
suffering from respiratory failure and the doctors in Macedonia sent images of the patient and data such 
as real-time information on blood-oxygen levels to physicians in America. The specialists were then 
able to prescribe drugs that saved the soldiers life11801. The US military have also developed microchips 
that can be implanted under the skin to measure and transmit body temperature to a monitoring 
computer. Similar sensors developed at the Oak Ridge National Laboratory in Tennessee can be placed 
inside a patients ear11811.
One of the ground breaking studies in telecare was performed by Celler e t a l in 1995 who indicated that 
the functional health status of older people could be determined remotely by continuously monitoring 
relatively simple parameters that measured the interaction between users and their environment. These 
parameters were measures of mobility, sleep patterns, utilisation of cooking, washing and toilet usage1152, 
182]. The study concluded that 50% of the patients had undiagnosed medical problems that could be 
detected by home monitoring1581. In other trials of telemedicine systems the Israeli company Shahal11831 
demonstrated a system for cardiac and pulmonary complications capable of improving home healthcare 
control, enabling patients to manage their own health condition and providing them with a higher quality 
of life11841. In addition, other recognised companies who were developing similar technologies were 
American Telecare11851, Tevital11861 and Instromedix11871.
The BESTA flats in Norway investigated the use of technology in the support of 8 people with dementia 
in a highly staffed environment. The problems that were addressed were the danger of fire, the danger of 
falling and lying undetected and the danger of wandering and getting lost. Several solutions were 
implemented11881:
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■ The lights automatically came on when residents got out of bed at night and automatically turned off 
when they returned to bed.
■ If during the night a resident was out of bed for more than 30 minutes an alarm was sounded.
■ The cooker was automatically turned off if left on by mistake.
■ If a fire is detected then smoke detectors automatically alert the staff, turn the lights on and unlocks 
the doors.
■ Magnet detectors on exit doors alert staff when doors are opened at night.
The results from the trial indicated that staff were ‘very happy’ suggesting it gave them the security to be 
able to give better and more confident care. Although an evaluation of the residents was not performed, 
staff and relatives claimed that the residents felt more confident and safe.
Alongside the detection of response or alert situations, some effort have also been made at gathering 
longitudinal data to move away from ‘snap shot in time’ assessments. Activities of daily living (ADL) 
and instrumental activities of daily living (IADLs) are assessment tools used by social services to assess 
older people's need for long-term care. ADLs relate to personal care tasks of bathing and washing, 
dressing, feeding, getting in and out of bed, getting to and from the toilet and continence management. 
While IADLs are concerned with domestic tasks such as shopping, laundry, vacuuming, cooking a main 
meal and handling personal affairs11001.
The necessary data was obtained through the use of a triaxial accelerometer (TA) and a portable data 
processing unit. The TA was composed of three orthogonally mounted uniaxial piezoresistive 
accelerometers, and measures accelerations covering the amplitude and frequency ranges of human body 
acceleration11891. The energy expended is then used as a reference to indicate the task performed; the use 
of such a technique is widely accepted11901. However, trials in 1997 showed differences between 
estimated and measured values of energy expended from -40% (underestimation) during dish washing to 
+33% (overestimation) during lying. Intensive activities, like stepping, carrying loads, walking, cleaning 
and making the bed were underestimated on average by 6.2%, whereas less demanding activities such as 
sitting and desk work were overestimated on average by 6.6%11891. One of the problems with such a 
technique is that many of the tasks required similar amounts of energy and it is therefore difficult to 
differentiate between tasks. It also requires a device to be worn on the lower back that is not desirable 
from a user acceptance stance. A review of the online database, Medline reveals that non of the authors 
involved with this project have published any further work on this topic since the trial in 1997.
The assessment of gait is considered medically important as a ‘good’ gait measurement can reduce the
probability of an accident in the home11911. In particular the gait of older individuals who fall is often
more compromised than the gait of those who do not. A poor gait measurement is characterised by a
decreased speed and a shorter stride. A study of nursing-home residents demonstrated a strong
correlation between abnormal gait (stride length, walking speed, and qualitative assessment) and the
occurrence of falls11921. The most common methods for measuring gait are by force plates or three-
dimensional camera systems11931 with the analysis normally performed in gait laboratories. Unrestricted
ambulatory monitoring of walking is more objective and is performed at the persons home. Several such
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ambulatory monitoring systems for recording foot pressure distribution have been developed1194' 1961, but 
problems with these devices include limited memory capacity and consequently, short recording times 
with a high total weight11931. Miyazaki proposes that an angular transducer consisting of a piezoelectric 
gyroscope, attached to the thigh detects angular velocity and an integrator converts the angular velocity 
to motion angle. The maximum error rate recorded during tests was +/-15%, although for those using a 
walking stick, i.e. 3-point gait, was +/-25%. Miyazaki suggests that this is the first system where 
restraints are not imposed on subjects during long-term gait measurements. It could be suggested 
however that wearing a gyroscope attached to a ‘rubber band’ just above your knee is imposing restraints 
on the user.
In their 1997 review of telecare activity in the UK for the Department of Health Curry and Norris 
reported on current telecare activity in the UK1581. This is reproduced in Table 2.2.
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Table 2.2: Telecare activ ity  in the U K  in 1 997
Project Title Organisation Description
NeuroPage Addenbroke’s Cambridge Telephone pagers to support mentally impaired in the 
community.
Fetal Home Monitoring John Radcliffe, Oxford Automated collection and telephonic transmission of 
physiological data.
Ithaca South and East Belfast Trust Development of integrated community care and telecare 
trials.
Community Antenatal 
Services
Edinburgh Royal Infirmary Home and remote clinical based maternity services with 
backup to carers and healthcare professionals.
Hector Lancashire Ambulance Trust Use of mobile telephones to transmit patient vital signs 
from am bulance to A&E department.
RPM S Kent Ambulance NHS Trust Use of RAM mobile data network to transmit patient 
vital signs from ambulance to A&E department.
ACTIO N University of Sheffield Use of video communications to deliver home support 
to patients and their carers.
R ISE Calm ax Communications Use of telecommunications to deliver both health and 
social services to the elderly in their homes.
SAFE21 Tunstall Telecommunications Development of social alarms to provide greater 
facilities for users.
Mobile Telemedicine Loughborough University Development of mobile radio links to accommodate 
multiple channels of quality diagnostic information.
M O R E SNRU, University of 
Northumbria
Development of existing mobile telephones for use by 
the elderly and disabled.
INCA Liverpool University Development of intelligent sensor systems for home 
monitoring.
Anchor/BT Telecare Anchor/BT/Shorrocks Integration of hardware of software for home monitoring 
of the elderly.
Smart Homes SPR U , University of Sussex Development of a draft home monitoring specification 
for housing developers.
From the above table several projects that impact upon the research area identified for this project can be 
identified. Personal communication with the project co-ordinators identified by Curry and Norris has led 
to a greater understanding of the merits of these projects and in particular:
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SAFE21
The purpose of the SAFE21 (Social Alarms For Europe in the 21st Century) project was to develop social 
alarms using the existing information and communications infrastructure to deliver much broader 
assistive services and to enable people currently excluded, such as people with hearing difficulties, the 
ability to use the community alarm system. The project commenced in December 199611971 and hoped to 
develop the following systems111518:
Voice pendant: Providing a pendant with a microphone to enable two way speech throughout the home.
Multimedia interface: A practical multimedia (text, sound, images) interface for getting community 
information to disabled and older people.
Telemonitoring: Monitoring technology (electrocardiography, non-invasive measurement of blood 
pressure, oxygen saturation, respiration and temperature) was to be integrated into the community alarm 
infrastructure.
Shared control centre: Access for Housing and Social Services to the same information system.
Social alarm for the deaf: An alarm integrating text telephone technology into the social alarm terminal.
Mobile social alarm phone: Through the use of cellular telephones and global positioning systems the 
ability to summon help and communicate with a control centre who automatically are aware of the 
callers location.
Anchor/BT Telecare
The functional health status study performed by Celler et al in 1995 was initially partially funded by 
British Telecom (BT[581). In April 1997 BT, Anchor Trust and the Housing Corporation began a lifestyle 
monitoring project which was launched as the largest of its type in Europe with £400,000 injected into 
enlisting technology to help older people11981. Phase One of the project would fit 60 homes in North 
Seaton near Newcastle1199], with commercially available sensors gathering information on movement11981, 
the opening of refrigerator doors, temperature and smoke monitors12001. Phase Two would include 
biomedical monitoring, such as blood pressure and heart rate11981 while also providing video-conferencing 
for social interaction12001.
Smart homes
The Science Policy Research Unit (SPRU) study of Smart Homes began in October 1996 with Edinvar 
Housing Association and the Joseph Rowntree Foundation providing demonstration sites. The aims of 
the project were12011:
■ To produce a user specification for the development and use of Smart Home technologies in 
affordable and social housing markets.
■ Consider likely markets for the Smart Home technologies. 8
8 Details of the SAFE21 project can be found at http://158 .169 .50 .95:10080/telematics/disabl/safe21 .html
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■  Evaluate supply-side issues and lessons from integration and installation from the demonstration 
sites.
Further details of other related projects identified by Curry and Norris can be found at the project web 
addresses given in Appendix A2.2.
For 8 of the 14 projects identified in Table 2.2, the European Union provided funding under either the IV 
Framework or the TIDE (Technology Initiative for Disabled and Elderly people) programmes. The 
purpose of the TIDE programme was to stimulate the creation of a single market in assistive technology 
in Europe and enable older and disabled people to live more independent lives[202]. The TIDE 
programme started in 1991 with a pilot phase of 21 projects and a major study of rehabilitation 
technology in Europe. In 1993 an additional phase of TIDE[2031 was introduced to provide a bridge 
between the pilot phase and the IV Framework programme. The TIDE programme had an overall budget 
of 42 MECU (£29 m)[204].
The IV Framework programme operated from 1994 to 1998 and in total funded research and 
development across all its themes to a total of 13,215 MECU (£9,170 m). Of particular interest were the 
‘Telematics for Disabled and Elderly People9' and ‘Telematics for healthcare10’ themes under the 
Telematics Applications (TAP) Programme. A total of 69 MECU (£48 m) was made available for 
research and development in this area with the purpose of developing applications which provide support 
for independent-living, autonomy and social integration opportunities12051.
2.6 Research Areas Identified
A study of material at the commencement of this project indicated that the present health, care and 
support system had difficulty providing for the levels of support required, while the predicted increase in 
the number of older people is likely to make the situation increasingly difficult. The evidence from the 
published literature indicated that assistive technologies showed potential but there was insufficient 
evidence to prove that the more widespread use of technology could assist in the delivery of services.
With such a limited amount of evidence for the use of telecare and related assistive technologies the 
whole question of the financial feasibility of such systems had been almost completely overlooked. 
Curry and Norris commented that most of the projects were in their infancy and had yet to gather 
sufficient data to demonstrate cost-effectiveness1581. The general research area for this project was 
clearly defined in the community alarm and telecare areas of assistive technologies, Curry and Norris 
suggested that in 1997
“there was an opportunity to develop rapidly the healthcare delivery side o f telecare using 
the existing community alarm infrastructure. This infrastructure already reaches a group 
who have above average healthcare needs and often have difficulty accessing 
healthcare™ . ”
9 Details of projects under this theme can be found at http://158 .169.50.95:10080/telematics/disabl/disabl-proj.html.
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As this area of research was relatively new, there were several areas which needed to be addressed to 
further understanding and help maintain older people and other users independently in the community. 
In consultation with the project group it was agreed that the areas identified below should be investigated 
in this research project:
Users requirements
While there had been several publications researching the community alarm system and its potential 
benefits, it has been acknowledged that community alarms had not significantly changed for many 
years1115,2061 and more could be done to aid people in the community. Risebourgh’s study of community 
alarm users shed some light on users perceptions of the present system, but did not address future 
developments. This research project started 5 months after the Anchor Trust/BT project began and when 
their results were published in May 2000 they commented that:
“At the commencement of this project no-one was fully aware of what users actually wanted 
from an advanced system and understanding what the system should do and how to achieve 
this was a key element o f the initial phase[m].”
Therefore, one of the areas that needed to be addressed upon the commencement of this project was what 
should be included in a 2nd generation telecare system.
System architecture
In order to advance community alarms from their present configuration there will be a requirement for 
the community alarm control centre to be able to access and interface with agencies that presently they 
do not confer with. For example, if health information is to be gathered from users homes then this 
information must be used in a constructive way and new communication paths may be required. It is 
therefore important to define the system information flows and indicate how communication between 
different agencies is performed.
As a prerequisite to defining what the system architecture should be there is a requirement that the model 
should be obtainable. In order to achieve this consideration must be given to what users desire, what 
limitations there may be due to technology insufficiencies and attention must also be given to service 
delivery.
Service delivery
From the earlier part of this chapter it can be suggested that assistive technologies are likely to be 
beneficial to end users, but there is little evidence to suggest advanced or 2nd generation telecare systems 
could be delivered on a large scale. Having defined what a 2nd generation should consist of, deliberation 
would be needed as to ‘how’ the service would be delivered. *35
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Details of projects under this theme can be found at http://158 .169 .50 .95:10080/telematics/health/health-proj.html
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Cost-effectiveness
As discussed, the evidence for the cost-effectiveness of such systems was negligible in 1997 and this 
needed to be addressed. If 2nd generation systems were to develop from the theoretical and small-scale 
pilot projects, evidence of the kinds of costs involved were required as there was no information 
available to indicate if such systems were more or less expensive than the present community alarm 
system. In addition, the impact of large-scale changes in the delivery of a 2nd generation system were 
unknown. The published literature gave no indication of the impact on community alarm control centres 
that the introduction of 2nd generation systems would have. Therefore, investigation of the likely impacts 
of introducing such systems was required.
2.7 Subsequent Research After 1997
Since this research project commenced in September 1997 the evidence base for the introduction of 2nd 
generation systems has grown but it is still not possible to purchase such a system11081. As already 
indicated, prior to the commencement of this project much of the telecare/telemedicine work reported 
concentrated on medical specialities, rather than home care and this was still evident at the end of the 
project. However, some efforts had been made at addressing the home healthcare sector identified as the 
focus for this research. Perhaps the publication with the greatest authority was the report of the Royal 
Commission on Long Term Care in March 199911001. This bought together much of the previously 
published material and examined the short and long term options for a sustainable system of funding of 
long term care for older people in their own homes and in other settings. It sought to recommend how, 
and in what circumstances the cost of such care should be apportioned between public funds and 
individuals11001. The evidence of an ageing population was presented and assistive technologies were 
considered as a way of assisting in future provision. However, despite the commission bringing together 
published material, it pointed to the present system and gave relatively little attention to the future12071. It 
has also been criticised for missing the opportunity to flag up the full potential for reducing the cost of 
long term care through technical innovations that could prevent dependency12081.
Other publications have sited the importance of home telecare to help avoid expensive acute care1209'2111. 
Suggesting that these services can range from sending a patient’s daily blood glucose readings to a 
control centre where the measurements are examined, or nothing more, than a simple telephone call to 
remind a user to take their medication12091. This basic system is one such function of the NeuroPage 
system identified in Table 2.2. The reasons for introducing home telecare are now becoming widely 
accepted with many authors suggesting1168,212,2131:
Potential Cost savings
These must be considered from the point of view of both the health-care provider and the patient but few 
publications provide a numerical analysis.
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Improving the quality of measurements
It has been suggested that the quality of medical measurements may increase if the patient is moved from 
their home. This is the particularly the case for blood pressure and other cardiovascular parameters, 
especially in older people.
Obtaining a new kind o f follow-up
Telecare enables the levels of monitoring after hospital discharge to be increased, possible measurements 
include ambulatory electrocardiography (ECG) and monitoring of heart rate, blood pressure, sleep 
parameters and body temperature12141.
Improving the quality of life
If measurements can be taken or treatment can be given at home without decreasing the quality of care, 
there is no reason to transfer the patient to hospital. Also, retaining the home environment is often 
important for the success of treatment, particularly with vulnerable patients, such as older people.
A significant proportion of the published home telecare literature pertains to the use of 
videoconferencing as a way of reducing costs through reduced travel. Kinsella suggests there are two 
approaches to home telecare12091:
■ Electronic care using technology to obtain vital signs and other physiological measurements is 
substituted for physical in-person visits during a defined programme of care.
■ Data is again collected remotely but in addition there is an educational component, based on the 
premise that the user will take more responsibility for their care.
A study by Allen et al in the US suggested that 46% of on-site nursing could be replaced by telenursing, 
and that this was likely to be a conservative estimate12151. This study indicated that older people were 
best suited for telenursing because their problems tend to demand less hands-on intervention. A review 
of the ability to perform telenursing in the UK indicated that the percentage of visits was likely to be 
around 15% although this was likely to bias results towards underestimation of the potential rather than 
vice versa12161. The reason for the differences in America and the UK were due to the greater number of 
hands-on consultations being carried out in the UK.
Research in Japan has also suggested that remote videoconferencing for home telecare has potential. A 
trial of remote respiratory care discovered that the number of unscheduled hospital visits decreased by 
80% due to the advice and assistance that could be secured from a videoconference. There was also a 
100% reduction in urgent or semi-urgent house calls, saving a significant number of hours of the 
physicians time11781.
The home monitoring equipment of lifestyle and medical signs has continued to develop since the 
commencement of this project. American Telecare, Instromedix and others have continued to develop 
their medical appliances while Shahal has developed medical and lifestyle equipment. A list of some of 
the more well known developers and suppliers is provided in Appendix A2.3. Two new companies
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developing equipment within this field are International Security Technology (1ST) and Technology in 
Healthcare (TiH).
■  International Security Technology have developed WristCare12171,‘77ie first security device in the 
world that continuously monitors its user’s health condition. It will automatically send an alarm 
for help, when the WristCare user is unable to do so'.
In addition to a radio pendant the WristCare contains a microprocessor that analyses its user’s health 
condition and sends evaluation data as well as analytical results to a base unit. If inappropriate 
readings are gathered then the base unit contacts the control centre. Inappropriate readings may be 
generated for instance, following a fall or becoming unconsciousness while it is suggested that 
conditions such as a fever will not usually trigger an alarm. The WristCare’s primary role is to call 
for assistance when the user is unable to or is not able to identify changes in their condition requiring 
investigation12171.
■  Technology in H ealthcare12181 was formed in March 1998 as a spinout from the University of 
Wales, Bangor and claims to be the UK’s first, and so far only, specialist telecare company12191. 
The fall detector they developed was licensed to the Tunstall Group12191 (part of the SAFE21 
consortium) and a range of other sensors is being developed to unobtrusively gather information 
from user’s. Examples of these sensors are FLORA (flood response alarm), ANWEN (automatic 
night wandering electronic notifier) and MIDAS (Modular Intelligent Domiciliary Alarm 
System12201).
In addition British Telecom launched a package called ‘In Touch 2000’ in May 2000 which consists of a 
pendant and receiver unit which in addition to acting as a community alarm also works as a normal 
telephone12211. The telephone numbers of 3 ‘carers’ are entered into the telephone and upon activation of 
the pendant the first carer is called. If a response cannot be gained then the system will circulate round 
the 3 numbers until a response is gained12221.
The three projects which began prior to the commencement of this project have reported their results 
during the duration of this project. The key results from these projects were:
SAFE21
The project was due to complete in November 199911151, but it was extended until the end of May 2000 to 
enable completion of field trials. Results are therefore anticipated be published in the 4th quarter of 
200011971. However, some of the objectives have been met, for example the voice pendant is now 
commercially available12231.
Anchor/BT Telecare
The results of this trial were published in May 200011081. The system used Passive Infrared (PIR) 
movement detectors and magnetic proximity switches on the refrigerator and entry doors to generate a 
profile of the users lifestyle. Deviations from the normal profile would then result in an alert being 
generated. The evaluation of the Lifestyle Monitoring developed and trialed highlighted a number of
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actual and potential benefits which is was thought made a strong case for the implementation of such 
technologies to older people in the future. Generally the feedback from users was positive:
■ 80% were very or fairly satisfied with the system.
■ 70% the system would automatically recognise a situation that required further investigation and 
raise an alert if they were unable to.
■ The system could aid independence, one user commented:
"I wouldn ’t like sheltered accommodation. I am independent. I wouldn ’t like one o f those 
homes. I do all my own cooking. I am independent. This helps me to stay at home."
■ Due to the lifestyle monitoring system early discharge from hospital could be achieved, one of the 
trialists commented:
"I had to go into hospital recently and I didn ’t like it very much. I think the system could 
help me to spend more time at home. The system is a good thing for me."
■ The system was not considered as intrusive, only 13% indicating they found it ‘slightly intrusive’.
Overall the conclusions drawn were:
■ The system is acceptable.
■ It increases the care choices available to users.
■ It enhances users feelings of safety and security in their homes.
■ It supports and enhances the carers role.
Taken together, these were considered important factors that are likely to stimulate independence and 
help older people to remain living in their own homes.
Smart Homes
This project ended in March 1999 and concentrated on the establishment of the technology. The main 
findings were[201]:
■ The smart home market, technologies and supply industries were immature. Consumers were 
ignorant or sceptical about potential benefits derived from smart homes, while technologies were 
difficult to integrate for interoperability with there was no single supplier providing a full range of 
bundled products and services.
■  There is little standardisation across the industry and the development of common protocols to 
facilitate interoperability has been slow.
■ There is not an affordable system for cheap appliances to work on.
■ When the potential benefits of integrated ‘Smart Home’ systems have been proven it is likely that 
more people will be prepared to purchase them.
Julie Cowans of the Joseph Rowntree Foundation anticipates that the cost of a basic package of 
amenities, with a control system will ultimately be priced at around £3,000 per house once economies of 
scales have been achieved. This is based on £1,000 for the infrastructure and £2,000 for the basic 
devices11391. The devices trialed in the project include central locking of doors and windows, video entry 
phone, key less door locks, automatic lighting controls and infra-red bathroom controls11371.
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In addition to the original projects identified in Table 2.2, Curry has continued to maintain a list of 
relevant projects and companies with assistance from the Development Division of the Department of 
Health11.
In terms of European funding for projects, the IVth framework ended in 1998 and the Vth framework 
programme began. The total budget for Vth Framework programmes was increased to 13,700 MECU12241 
(£9,507 m), of which 483 MECU (£335 m) has been made available through the lThe Ageing Population 
and Disabilities' section of ‘Improving the Quality of Life and Management of Living Resources'[225]. 
The programme is currently on going and is due to end in 2002.
Finally, although there has been little work on videoconferencing in the UK, remote healthcare has been 
delivered by NHS Direct. This originated out of the Prime Minister and the Health Minster’s support for 
faster and more convenient care’12261, and was introduced at the beginning of 1998 with nurses 
providing a 24-hour health advice service over the telephone12271. The purpose was to provide easier and 
faster information for people about health, illness and the NHS so that they are better able to care for 
themselves and their families12281. In its first four months NHS direct in the NorthEast took over 3000 
calls and surveys of users showed high user satisfaction. The service proved equally popular with both 
men and women and also with older people who do not want to waste the doctors time unnecessarily12291. 
On the 6th July 1998, £14 million was earmarked to extend the NHS Direct to 10 million people 
following the success of the first pilot schemes in Preston, Milton Keynes and Northumberland12301. The 
Government intend to extend the service to cover the whole country by 200012271. Early in 2000 user 
satisfaction was again tested and respondents who received advice from a nurse found it very or quite 
helpful in 95% of cases. The most common reason given for finding the advice helpful was that it was
• (2311reassuring1 J.
2.8 Complementary Research To The Identified Areas
Of the four areas identified for consideration in section 2.6, it would be anticipated that during this 
project research and literature in these areas would continue to accumulate. However as indicated below 
this has not necessarily occurred.
User requirements
Risebourgh’s11181 study of 1997 remains the only large-scale survey of community alarm users. Evidence 
from the Anchor/BT11081 has shed some light on the desires of users, but there does not appear to have 
been much research in this area. Indeed, in 1998 Roulestone commented that telecare and other assistive 
technologies was a new area of research and development and while the potential of new technologies to 
assist older people to live independently is acknowledged, there remained little convincing evidence 
about the way these systems impact upon the everyday lives of users12321.
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System  a rch itectu re
Work by Williams e t a/11531 in the development of CarerNet has shown how the technology and systems 
communicate within the home, but a review of the literature does not indicate any publications that have 
analysed the information flows from the home.
C ost-effectiven ess
It has been said that cost-effectiveness studies are crucial to the introduction of telecare and telemedicine 
into national health services as no government will introduce these on a significant scale without firm 
evidence for cost-effectiveness[233]. However, in 1999, apparently none had been published in the 
UK[234J. Other authors158,61' 164,235-2381 have also commented on the lack of evidence of cost-effectiveness 
and suggested that this has militated against the further development of such services in the UK1611. 
Wright has even suggested that telemedicine may not be cost-effective since it could enhance the service 
delivered rather than perform a process more efficiently. It may also increase demand for a previously 
inaccessible service and thereby increase costs[135).
Where consideration has been given to the cost-effectiveness of assistive technologies they have tended 
to be quiet simplistic. For example in 2000, Tang and Venables11681 took Croydon community health 
NHS trust, with a population of 325,000 and a budget of £17m, and assumed that 15% of domiciliary 
patient encounters could be performed by telehealth, saving £1.7m. The costs were assumed as £150,000 
for a control centre, £250,000 for equipping the control centre, £400,000 for retraining of staff and 
£75,000 for technical staff to maintain the control centre. They acknowledge that the figures were 
speculative, but do suggest Croydon could save £lm per annum, therefore estimating the savings for the 
country as a whole at £200m per annum.
Although not fully related to this research, a US study on assistive technologies for older people12391 
indicated significant financial benefits for intervention. On average 14 assistive technology devices were 
given to users, for instance walking aids, support for activities of daily living such as assistance in 
bathing, and hearing and vision impairment. Over an 18 month trial period the results indicated that the 
control group (those without any additional assistive technologies) declined more than the intervention 
group. When comparing health care costs the control group on average received $433 per person in 
assistive technologies, compared to $2,620 for the intervention group, but the control group required 
significantly more expenditure on institutional care ($21,846 against $5,630) and nurse visits ($588 
against $426). In total the average expenditure for the control group was $31,610 and for the 
intervention group $14,173. The authors acknowledged that a sample small size of 52 for both the 
intervention and control groups, made the results more suggestive than definitive but did indicate that 
intervention was beneficial both from a reduction in morbidity and total cost. However, more cost- 
effectiveness data was still required, especially for telecare, the area of assistive technologies identified 
for investigation in this research.
D ata  o verloa d
The majority of studies have concentrated on ‘can’ this be done rather than the impact on service 
delivery. Data overload is a concern expressed by many community alarm control centre managers.
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They view new technology as generating many new calls and are concerned that they may not have 
sufficient resources to respond to the anticipated increase in calls. Although, some new technology has 
become available, for example fall detectors, no information has been made available about the likely 
impact that such technologies may have and thus the fears, of community alarm control centre managers 
in particular, are still evident[240].
2.9 Conclusions
As noted by Fisk[241], the trend towards health care at home is ‘unstoppable’. His reasoning did not just 
relate to the potential of new technology and its application, but also the driving forces behind it with 
demographic change and the political imperative, shared by all western countries to enable people to live 
independently at home[242]. Over the next 5 to 10 years the accelerating development of computing and 
broadband networks could ultimately lead to a revolution in the way health care is delivered. A 
consequence of this will be the facilitation of a high standard of health care in the community12431. 
However, as suggested by Mair e t a l in 2000, much of the research that has been conducted is aimed at 
answering the question “Can we do this?” and that the next question “Should we do this?” remains 
unanswered12381.
The original research question is:
Are assistive technologies an enhancem ent to the present health, care and support mechanisms?
In order to address this question four objectives have been defined:
1. User requirements: To define what users would like from a 2nd generation telecare system.
2. System  architecture: To present models of the information flows in 2nd and 3rd generation systems.
3. Financial considerations: To undertake, based on the present and future systems as defined in 
objectives 1 and 2, an evaluation of the costs involved/expected.
4. Service delivery: To investigate the changes that will result from the introduction of the healthcare 
model identified under objectives 1 and 2. In particular, attention should be given to changes at the 
community alarm control centre.
These objectives seek to answer the questions “Should we do this?” and “What is it we should do?” As 
such, it is believed that much of the research throughout this project has remained original and unique. It 
is hoped that the evidence presented in the remaining chapters can assist in the research and development 
of services for older people and other groups, and as a consequence enable many more people to have the 
choice, safety and independence so many of them are seeking.
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42
3  U s e r  R e q u i r e m e n t s
Chapter 3
Chapter structure: Based on a questionnaire the views of users, both current and potential, are 
investigated. Emphasis was placed on the people themselves and what technology they would like to 
maintain their independence. A questionnaire was also conducted with providers of the current 
technology system.
Despite the number of telecare and telemedicine projects identified in the preceding chapters, it is 
perhaps surprising that Risebourgh’s11181 work, identified in Chapter 2, remains the only significant work 
attempting to understand current user requirements. Her work sought to investigate the human aspects of 
the alarm service, primarily through a postal survey, while the technical aspects and views of users 
regarding technical developments was almost overlooked. Thus, while there is little published evidence 
of the views of current community alarm users, the views of future potential users appear to have been 
even more neglected.
Dixon11411 has suggested that user surveys only reveal how people think and feel today, users are not 
visionary enough to suggest what they may require from an unknown technology in the future. While it 
may be true that asking an open question such as: “What would you like from technology in the future ” 
may not provide a significant insight it was felt that if possible technologies were described to 
prospective users, then meaningful indications of their potential could be uncovered. In an attempt to 
understand and uncover the wishes of current and potential users, qualitative research was undertaken for 
both groups. Providers were also questioned in order to gain an understanding of their requirements for 
future systems and to discover how well they understood the people they provided a service to. The 
results from this research together with an appreciation of the capability of technology could then be 
used to define what elements should be included in future generations of telecare systems.
3.1 Current Users Views
As discussed there is little published evidence of community alarm user views. An unpublished, internal 
postal survey of 2,596 community alarm users by Birmingham City Council11211 discovered that 80% of 
respondents thought that the 24-hour operation of the control centre was very important and 86% thought 
that it worked well. Similarly, 89% were satisfied with their present community alarm operation. 
However, it is to be expected that satisfaction would be high, as there is no alternative for comparison.
Birmingham City Council has a history of innovation in the community alarm arena having developed 
their own community alarm control centre in collaboration with Pentyre. Subsequently, Pentyre formed 
a partnership with TeleLarm Care who now market the control centre system. In an effort to further 
develop services, the internal survey was performed and a project established to develop the community 
alarm equipment.
This development project consisted of 2 phases. The initial phase would introduce a new alarm system 
using tried and tested technology into three vertical, warden controlled blocks in Birmingham, while the 
second phase aimed to develop and introduce new and novel technology not yet commercially available. 
Each of the three tower blocks was served by 1 full time and 1 part time warden, providing a warden
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service during office hours with a control centre providing assistance when the warden was 
unavailable/off duty.
The equipment in the tower blocks was quite dated, all of the users had pullcords but the system would 
only allow 6 pendant users in each block. The wardens equipment was also dated, requiring the console 
shown in Fig. 3.1 to be carried throughout the scheme and communication could only be achieved when 
the device was ‘plugged in’ at the wardens’ office, common room, or someone’s home. The initial phase 
of the project would remove these constraints and allow every user to have a pendant, pullcords or both. 
Wardens would be provided with a digital cordless telephone (DECT -  Digital Enhanced Cordless 
Telecommunications) similar to that in Fig. 3.2, which would allow communication throughout the 
scheme.
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Figure 3.1: The p re sen t w ardens ’ co n so le
Figure 3.2: The D E C T  w arden telephone
Q u alita tive research  too l
The aims of the qualitative research were:
■ To gain an appreciation of the people living in sheltered housing in respect of health requirements, 
social interaction and so forth.
■ To discover opinions on the present community alarm system.
■ To investigate requirements for the new community alarm system to be installed.
■ To evaluate the potential of various technologies that could be introduced in the second phase of the 
project.
It was agreed with the project review group that these objectives would be best met by individual 
structured interviews. This would allow the accumulation of data on specific questions but would also 
allow the freedom of interviewees to discuss issues that were important to them. An additional benefit of
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performing structured interviews as opposed to a postal survey was that it allowed additional information 
to be given on specific technologies if users had difficulty understanding a concept.
The questionnaire developed was unique for the purposes of the research; a review of the appropriate 
literature revealed that no suitable tool was available. Conversations with technologists, occupational 
therapists, gerontologists, carers and other professionals also confirmed that no suitable tool had been 
formulated. Where possible, questions that other surveys contained were used in this questionnaire, 
enabling comparison of these control questions with other accepted results, such as the General 
Household survey (GHS). The questionnaire developed was verified by the review group prior to 
implementation and is provided as Appendix A3.1. In addition to the questionnaire, some additional 
questions were asked in one of the tower blocks, this revised questionnaire and the results are provided in 
Appendices A3.2 and A3.3 respectively. During the interviews where equipment was mentioned 
examples were shown, for example a new alarm unit and pendants (neck, wrist or broach based), a PIR 
(Passive infra-red) movement detector and a photograph of the TED unit (The Electronic Doctor) being 
used.
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M eth odology
Ethical approval for the questionnaire was obtained from Birmingham City Council, but the ultimate 
decision to be interviewed rested with the users. Ms Pauline Poole, the Careline control manager, and 
myself spoke at a tenants forum in order to inform the users and wardens of the research, and this 
information was relayed to the people in each tower block. In the interests of security, the wardens 
organised the appointment times and the interview took place in the users home.
Interviews were performed in the period 25th September to the 5th November 1998 and typically lasted 30 
minutes for the standard questionnaire and 45 minutes where the additional questions were also asked. 
Although the questionnaire was voluntary to reduce the effects of a biased sample, i.e. interviewing only 
those people interested in new technology, as many people as possible were sought. Table 3.1 indicates 
the reasons why certain people were not interviewed.
Table 3.1: R easons why som e p eo p le  w ere not in terv iew ed
Reason_____________________________________________________ Number
W ardens felt it would be unwise, i.e. distressing to interviewee 15 
On Holiday, including one couple in Canada for 9 months 3
Empty 4
In hospital 2
Unavailable 10
Not completed, i.e. distress was being caused 2
Declined to be interviewed 7 *45
The three tower blocks contain a total of 204 flats. For the first four reasons indicated in Table 3.1,
during the interview process this reduced the sample size to a possible number of 180 flats. From this
only 7, (4%) declined to be interviewed, 10, (6%) were unavailable for various reasons including
refusing to answer the door to the warden or anyone else unless a family member was with them. A
further 2, (1%) were interviewed but it was felt that the questions were causing distress and the interview
was terminated. Only those people benefiting from the services of the warden were interviewed,
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therefore sons and daughters living with their parent(s) or live-in carers were not included in the sample. 
Where there was shared occupancy, all parties benefiting from the warden services were interviewed if 
available. This resulted in a complete sample size of 176 people, an 89% response rate.
3.2 User Survey Results
The results obtained from the questionnaire are presented as an Access database on the accompanying 
CD. Discussion of the results is under four headings:
■ C on tro l qu estion s: Comparison with published figures and investigation of general measures, for 
example how people perceived their own health.
■ P resen t system : Examination of the use, knowledge and operation of the community alarm system.
■ P h ase 1 a la rm  technology: Requirements of the new community alarm system.
■ P hase 2 a larm  possib ilities: Investigation of elements that could be included in a 2nd generation 
telecare system.
3.2.1 Control questions
D em ograph ics
The average age of the 176 people interviewed was 75.5 with a dispersion indicated by Table 3.2. It 
could be suggested that the average age of people in the tower blocks will increase over the coming years 
as the life expectancy of someone reaching the age of 70 is currently 81.5 years12441. People entering the 
scheme are also likely to be above the average scheme age, for example the average age of people 
entering Hanover sheltered housing schemes is 781781. The scheme average is lower than this figure 
because the tower blocks were not originally sheltered housing schemes. In the 1970’s they housed 
people of all ages and the warden services were not introduced until the late 1980’s when many of the 
occupants were ageing and required some additional assistance.
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Table 3.2: A g e d ispersion  o f  in terview ees
p=sam ple size P roportion ri=
P e r c e n ta g e
=176
V
Less than 60 2% 3
60-70 18% 32
70-80 49% 87
80-90 30% 53
Greater than 90 -1 % 1
Of the 176 people interviewed, 127 (72%) lived alone and the gender dispersion was 125 (71%) female 
and 51 (29%) male. The results reveal that 28 (16%) of men and 99 (56%) of women live alone and this 
would agree with the General Household Survey 1994[84] who suggest figures of 24% and 49% 
respectively.
Inform al care
Of those interviewed 24 (14%) currently receive regular informal care for an average of 4.2 hours per 
week with the sources of informal care shown in Table 3.3. Clearly women provide the majority of the 
care and this agrees with published data1391. Table 3.3 indicates that the greatest provision was provided 
by children however, it has been suggested that caring is not completely reserved to children, others such
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as brothers, sisters, nieces and nephews can all fulfil the role1421 and this was observed in this 
questionnaire. Of those surveyed receiving regular informal care only 4 (17%) receive formal care.
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Table 3.3: Sources o f  inform al care
Provider r|=24 
P e r c e n ta g e  ij
Daughter 63% 15
Son 13% 3
Granddaughter 8% 2
Niece 8% 2
Nephew 4% 1
Friend 4% 1
F orm al care
A 1996 MORI poll concluded that 10% of older people received home care services, rising to 36% for 
those aged 80 and over12451. The 1994 General Household Survey observed that most domiciliary 
services are used by people aged 75 and over, by women and by people living alone1121. While figures 
specifically for local authorities indicate that they were 6 times more likely to help people living alone in 
1994[246]. The questionnaire results would agree with these publications, indicating that overall 22% 
received formal home care. Those aged 80 and over received the greatest proportion with 38% receiving 
home care while this reduced to 16% for those aged 60 to 80. Of those receiving formal care 87% were 
female and 87% live alone. Overall people living alone were 6.6 times more likely to receive home care, 
slightly higher than the 1994 figure but may be explained by the intensifying of services over recent 
years. For those in receipt of formal home care on average 6.6 hours per week were provided, however 4 
people received full time care i.e. 35 hours a week. Discounting these people suggests a weekly average 
of 3.2 hours.
In terms of nursing care 10 were in regular receipt, at an average of 0.7 hours each week. However 1 
person received 3.5 hours a week, which is slightly higher than the totality of the other 9. Discounting 
this person gives an average of 0.37 hours a week. As identified in Chapter 1, the domiciliary care 
service is very intensive and this is highlighted with 9 of the 10 people receiving nursing care also 
receiving formal home care.
D o c to r  consu lta tion s
A 1992 Department of Health publication suggests that the average number of doctor consultations for 
people over the age of 75 is 6 per year1101. The Office of Population Censuses and Surveys suggested two 
years later that those aged 65 to 74 have 6 consultations per year and those aged over 75 have 7[121. 
Assuming people under the age of 75 have 6 consultations and those over 75 have 7, then a national 
figure of 6.6 would be anticipated as indicated by Equation 3.1. Interviewees were asked how many 
times they thought they had seen the doctor in the last year, thus the information is reliant on the 
interviewee rather than formal health records, but this indicated 6.8 doctor consultations. Reflecting the 
level anticipated.
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(no. of people < 75 * no. of consultations) + (no. of people >= 75 * no. of consultations)
total no. of people
(70 *6) + (106 *7) , ,
= -----------------------------------------=  o . o176
3.1
In 1994 the proportion of doctor consultations performed in the older persons own home was 13% for 
those aged 65 to 74, and 31% for people aged 75 and over[12]. Consequently, the number of home visits 
can be calculated using Equation 2, suggesting a figure of 1.6 per annum. Using the same procedure the 
number of surgery based consultations is calculated at 5.
[0.13* (no. of people< 75 * no. of consultations)] + [0.31 * (no.of people >= 75 * no. of consultations)] 0 9
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- =  1.6total no. of people
The questionnaire results indicate an average of 4.74 surgery based consultations and 2.07 home visits. 
It would seem reasonable that the slight increase in home visit consultations could be explained by 22 
(13%) expressing that they did not go outside of the scheme on an average week. For these people, they 
indicated that they received 1.59 surgery based consultations and 5.05 home based consultations during 
the last year.
The questionnaire indicates that 11% of those interviewed had not seen their doctor in the last year, while 
10% had seen their doctor more than 15 times. Therefore, this sheltered housing scheme, which 
generally reflects anticipated levels of occupancy, home care and doctor consultations, has an equal 
proportion of people who have not seen the doctor in the last year and people who have seen the doctor 
more than twice the national average.
M edica tion
There appears to be no consensus on the number of prescription medications older people regularly take. 
Reports vary between the average older person requiring 3 to 4[247] or 6[2481 drugs on a daily basis. The 
results from this questionnaire would agree with the first estimation as interviewees used 3.7 drugs per 
day. It should be noted that 18% did not take any prescribed medication, while 4% take more than 10 
drugs a day. Most interviewees, 41%, take their medication just once during the day, while 27% take 
medication at two different times and 32%, 3 or more times during the day.
Attempts have been made at assisting users to take their medication1249, 2501 and aids may provide 
assistance to many if available. However, users had their own way of remembering when to take 
medication, a technique used by many was before going to bed placing their medication for the next day 
into egg cups, jars or piles. This would then inform them whether or not they had taken their medication. 
Remembering when to take medication often revolved around cups of tea, with many taking their 
medication with their cup of tea after meals. Thus only 16% acknowledged they forget to take 
medication and on average this would happen a little over 6 times a month. However, 3 people indicated 
they forgot to take medication more than 10 times a month; a reminder system for these people could be 
beneficial.
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H osp ita l adm issions
During a ‘normal’ year it would be anticipated that 32% of older people would be admitted to 
hospital12511. Those interviewed, not including those in hospital when the questionnaire was performed, 
revealed that 41 (23%) had been admitted to hospital in the preceding year. However, on average they 
had been admitted 1.8 times, therefore multiplying the two suggests a figure of 42%, 10% higher than the 
national average. Results specifically for older people in Birmingham would indicate a figure of 
46.8%[2521. The reason why the figure is higher in Birmingham than the national average may be due to 
some socially deprived areas in and near to the city centre.
The 1994 General Household Survey suggests that the duration of a hospital stay depends on age and 
gender, those aged 65 and over spent on average 11 nights (men) and 12-14 nights (women)12531. 
Equating this as a general figure, independent of gender by apportioning the ratio of females to males1271 
indicates an average duration of approximately 12 days. However, generated figures from Hospital 
Episode Statistics12511 suggest a mean of 10.03 days for Birmingham and a mean of 9.5 on a national 
scale. The questionnaire results obtained from people remembering the duration, indicates an average 
stay of 12.6 days. Once again the results obtained from the questionnaire are generally in line with 
accepted published figures.
P eo p les own health
Table 3.4 presents how people perceived their own health. The results disclose that most people 
perceived their own health as good, closely followed by poor. In total 59% considered their own health 
as good or better with the reminder as fair or poor.
Table 3.4: H ow  p eo p le  p e rce ive  th eir ow n health
M a le r \= 5 1 Fem ale r\= 125 Total r|= 176
P e r c e n ta g e n P e r c e n ta g e n P e r c e n ta g e V
Excellent 10% 5 8% 10 9% 15
Very good 14% 7 20% 25 18% 32
Good 35% 18 31% 39 32% 57
Fair 31% 16 25% 31 27% 47
Poor 10% 5 16% 20 14% 25
How health is perceived is clearly a subjective measure, thus for the purposes of comparison people with 
excellent or very good health can be categorised as having above average health. Those with good health 
as average, and those with fair or poor health as below average. A comparison with the number of doctor 
consultations in the last year, reveals that people with above average health saw the doctor on average 3 
times, people with average health 7.7 times and people with below average health, 9 times. A similar 
trend is observed for the number of hospital admissions.
F alls
A fall has been defined as:
“Inadverten tly  com ing to  res t on the grou nd o r  o th er lo w er  leve l w ith  o r  w ithou t loss  o f  
consciousn ess an d  o th er than as a consequence o f  sudden on set o f  p a ra lysis, ep ilep tic  
seizure, excess a lcoh ol intake o r  overw h elm ing externalforce^254\ ”
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The percentage of people aged 65 and over who fall at least once each year is approximately 33%[255'2581. 
Of those interviewed, 42 (24%) acknowledged that they had fallen at least once during the last year in 
their home, hence this is lower than generally accepted figure of 33%. The difference may be explained 
by embarrassment and a reluctance to acknowledge a fall. Equally the questionnaire only refereed to 
falls inside the home, including falls outside of the home could reduce the difference. However, there 
does not appear to be consensus; Campbell e t a l[259] suggest 24% of women and 31% of men who fall, 
fall away from the home environment while Lord e t a l[260] suggests a figure closer to 50%.
For the 42 people who acknowledged they had fallen in their home, on average each person fell 3.8 
times. Investigation of these people reveals that 19 had only fallen once during the year with one person 
falling 10 times, another 18, and a one some 40 times. Discounting these 3 extreme cases indicates an 
average of 2.4 falls during the past year. Of the 42 people who acknowledged they had fallen, 23 (55%) 
fell more than once during the year and this is slightly less than would be expected. Nevitt et a/12611 
suggest that two thirds of people who fall will do so again in the next 6 months. The discrepancy may be 
explained by some people falling once in the preceding 2 or 3 months before the questionnaire, and 
therefore such people would have a further 3 months in which they could fall again and be included in 
the figure calculated by Nevitt.
P h ysica l ac tiv ity
On average people went outside of the scheme into the surrounding area 5 times a week, Table 3.5 
reveals the dispersion.
Table 3.5: H ow  often in terv iew ees g o  into the surrounding a rea  (p e r  w eek)
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Proportion  iq=
P e r c e n ta g e
:176
7
<1 13% 22
1-5 36% 63
6-10 48% 85
>10 3% 6
The majority of people went into the local environment regularly, with many stating they try to get out as 
often as possible to maintain their mobility. Nevertheless, 22, (13%) do not go out of their homes during 
the week, indeed 20, (11%) stated that they never get out of their homes. Nolan e t a l[9] suggests that 5% 
of people aged 65 to 69 cannot go out alone, rising to 47% in those aged 85 and over. The results 
obtained do not indicate the people who cannot go out alone, but rather the general question of how often 
people go out. Using such criteria reveals that 19% of people aged 65 to 69 do not go outside of the 
scheme, while the identical figure was observed for those aged 85 and over.
In teraction  w ith fa m ily  and  fr ien d s
In the UK a study by Tunstall Telecom on interaction with family revealed that 33% of older people had 
not been visited by relatives in the last week1411. The results from this questionnaire revealed that on 
average, 31% were visited by family less than once a month, 31% were visited in-between 1 and 5 times 
a month, 11% in-between 5 and 10, and 27% more than 10 times a month. In total 43% suggested a 
family member did not visit them on a weekly basis.
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The Tunstall study[411 also suggested that 50% of older people are not visited by friends in a normal 
week. In this study the figure was 57%. However, a common room is available where people often meet 
and some choose to meet friends here as opposed to their own homes. Nevertheless, it should not be 
presumed that this accounts for everyone. Many commented that they never went into the common
room, reasons such as “... the sam e grou p are a lw ays th ere .....” or “. . . . i t ’s  a health  risk ju s t  walking
through the d o o r .. . .”, referring to the amount of cigarette smoke, were suggested. For those having 
friends visiting them in their own homes this occurred on average 2.6 times a week.
Analysis of the results reveals that 52 (30%) suggested that friends or relatives visited them less than 
once a week. Indeed, 17 (10%) suggested that they were never visited by friends or relatives in their own 
homes. This has implications such as loneliness, isolation, motivation and well being, and it may be 
assumed that these people live in isolation in their homes. However, as discussed, on average 
interviewees indicated they went outside of the scheme 5 times a week, while for the 30% without 
weekly interaction in their homes this rose to 5.5 times; only 2 people went outside of the scheme less 
than once a week. It may be that many of the people without interaction in their homes meet friends in 
the locality rather than interacting with others on the scheme. Equally, 32 (62%) of the 52 people in this 
group went out 6 or more times a week, and they may be doing this in order to interact with someone 
else. More research would be needed to clarify this observation.
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C ontrol question s sum m ary
The results from the above questions are comparable with other published figures as summarised in 
Table 3.6. Consequently the views concerning the introduction of telecare services may well reflect not 
only those people in sheltered housing, but also the views of the older population as a whole.
Table 3.6: C om parison  o f  con tro l question s w ith  p u b lish ed  fig u res
Control question___________Comment_____________________________________________________________________
The percentage of people The G H S suggests 24%  of men and 49%  of women live alone, of those interviewed 
who live alone 16%  of men and 56%  of women lived alone.
Providers of informal care Published studies indicate most carers are fem ale and primarily children, the results 
of this questionnaire would agree with these findings.
The quantity and provision The G H S witnessed that most formal care was given to women aged 75 and over 
of formal care. and people living alone. This finding was observed in the questionnaire results
obtained. It has also been suggested that people living alone in local authority 
accommodation were 6 times more likely to receive formal care. The results from this 
questionnaire suggested a figure of 6.6.
Doctor consultations Analysis of published figures suggested that on average each participant in the
questionnaire should have had 6.6 consultations in the previous year, with 1.6 of 
these being performed in the participants home. The results from this questionnaire 
suggested there were on average 6.8 consultations of which 2 .07  were performed in 
the home.
Prescribed medication
Hospital admissions
Hospital duration
One study suggests that on average each older person takes between 3 and 4 
prescribed drugs on a daily basis. A further study suggested the figure to be 6. This 
questionnaire revealed a figure of 3.7.
The DoH suggests that 32%  of older people are admitted to hospital each year. 
These results indicate a  figure of 42% , 10%  higher than the DoH. However, 
Birmingham City Council Social Services suggested a figure of 46 .8%  for 
Birmingham, which is similar to the result obtained in this questionnaire.
The G H S  suggests for older people an average hospital stay of 12 days, while the 
DoH suggest a stay of 10.03 days for Birmingham and a stay of 9 .5 days on a 
national figure. This questionnaire revealed a stay of 12.6 days, which would agree
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with the G HS results.
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Falls It is generally accepted that 33%  of older people fall at least once each year.
Nevertheless, these results indicated a lower figure of 24% . For those people who 
have fallen, published figures suggest that 66%  fall again in the next 6 months. 
Again this indicator was slightly less with a  figure of 55% .
Interaction with family and It is has been suggested that 33%  of older people are not visited by relatives in their 
friends own home during a  normal week, a  figure of 43%  was obtained from these results. In
terms of interaction with friends, the same survey suggested that 50%  of older people 
do not have friends visiting them in their own home during a normal week. The  
______________________________results from this questionnaire would agree with this finding as the figure was 57%.
Despite many of the results obtained agreeing with published figures it should be appreciated that those 
interviewed represent a wide diversity of people and it would be unfair to group them as dependant 
people in sheltered housing. For example, 22 people indicated they would go out of the scheme and into 
the surrounding area less than once a week, while 11 indicated they went out more than 7 times. 
Investigation of the number of doctor consultations and the levels of prescription medication also 
indicated a wide array of people with 11% not having any contact with their GP during the last year, 
while 10% had seen their doctor more than 15 times.
3.2.2 Present system
Com m on hom e b a se d  technology
In addition to the community alarm technology that interviewees were familiar with, investigation of the 
presence of common home based technologies was also sought. Table 3.7 indicates the percentage of 
users who had certain technologies and the ease with which they could use them.
Table 3.7: Com m unity a larm  u sers experience with com m on hom e b a sed  techn ology
Have the
Of those with the technology the proportion who can use it 
without help with help cannot use
P e r c e n ta g e 7 P e r c e n ta g e 7 P e r c e n ta g e 7 P e r c e n ta g e 7
Cooker 98% 172 92% 161 2% 4 4% 7
Microwave 45% 78 95% 74 1% 1 4% 3
Washing machine 52% 93 95% 88 1% 1 4% 4
Vacuum cleaner 98% 173 71% 123 4% 6 25% 44
Telephone 89% 157 99% 156 1% 1 - -
Television 100% 176 100% 176 - - - -
Radio 98% 173 100% 173 - - - -
Video 44% 77 84% 65 9% 7 7% 5
Clearly the vast majority of people have and can use a cooker. Perhaps surprisingly 2% or 4 people did 
not have their own cooker, instead they had hobs and or a grill, with one of the four having a microwave 
also. Those who indicated they were unable to use the cooker received an average of approximately 12 
hours of informal or formal care per week and thus it could be assumed that others cook for them. For 
older people it has been suggested that 63% of couples and 41% of people living alone have a 
microwave12621. The findings from this questionnaire would suggest that 32% of people living alone and 
13% of co-habitants had access to a microwave. In total 45% of interviewees had a microwave but many 
of those currently without one indicated it would be unlikely that they would ever have one because they 
believed them to be unsafe. Of the 4 people encountering difficulty or indeed unable to use the 
microwave, 1 was male and was unable to use it because his wife had always cooked for him, whilst the 
3 women lived alone and received on average almost 19 hours of care each week.
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It would be perhaps surprising that only 52% had their own washing machine with some washing by 
hand or using the local laundrette. However, this figure would agree with a 1994/95 publication12631 
suggesting a figure of 59% for older people living alone mainly dependent on state pensions. It could be 
assumed that it would be the oldest people who did not have a washing machine, as these people may not 
have used one during their lives. However, the average age of people without washing machines is 76.4, 
less than 1 year higher than the scheme average. It could also be assumed that people without a washing 
machine were likely to have minimal contact with other technologies yet of these people, 48% possessed 
a microwave or video recorder and 19% both. It would appear that the real reason was due to many 
using the on-site washing machine. Each tower block had their own washing machine and discussions 
with the wardens revealed that many would use this and avoid paying for the electricity even if they had 
their own washing machine. It is unclear exactly how many people this accounts for.
Table 3.7 indicates that 3 people do not have their own vacuum cleaner, in order to keep their houses 
clean these people used a manual carpet sweeper. Of the 25% of people indicating they were unable to 
use a vacuum cleaner 82% received an average of 8 or more hours per week of informal or formal care, 
with cleaning being one of the duties performed during this time.
Around 80% of older households own a video recorder, but this reduces to a third of single older 
people12621. The results from this questionnaire suggest figures of 26% and 18% respectively, 
considerably lower than expected. However, the financial limitations of people living in local authority 
accommodation may explain the difference. In total 30% of those interviewed had a video and 
microwave, consequently the assumption that older people are technophobes and unable to use, or 
willing to accept, technology is not upheld. Only 42% do not own either a microwave or video, with this 
figure possibly lower if financial limitations were removed. Many did not have a washing machine, 
however this may be due to people being astute and saving money, not rejecting technology. Table 3.7 
also highlights that those who have technology had few difficulties using them, with the exception of the 
physical limitations of vacuuming. Furthermore, 3 (2%) possessed their own computer with all 
commenting that they had no difficulties using such equipment.
U ser sa tisfaction
In addition to previous community alarm studies1" 8 1211 the results from this questionnaire suggest that 
there is universal acceptance and satisfaction with the present community alarm system, indeed 89% 
were content with the system as indicated in Fig. 3.3.
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Users response
Figure 3.3: Results when a sk e d  - do  y o u  like havin g  a  com m unity a larm ?
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The 4 people indicating they were unhappy were of this opinion, not because they dislike the concept, 
but rather believe the alarm system is not as good as it should be with ‘crackling’ on the intercom and 
having to rely on pullcords.
A larm  usage
Throughout the previous year 54% indicated they had used the alarm on average of 1.9 times. Despite 
the inadequacies of the community alarm identified in Chapter 2 such as, the user being unable to 
generate an alarm because they were not wearing their pendant or could not reach a pullcord, only 4 
people indicated they were unable to raise an alarm during the last year. Three of them lived alone and 
all used the alarm more than the schemes average, indeed approximately double, at 4 times. Another 
similarity was that they had all experienced at least one fall in their home during the last year with one 
person falling 10 times during this period. These people were also more reliant on the doctor, with the 
average number of consultations set at 23, compared with the scheme average of 6.8.
C ontacting serv ices
Despite many people indicating they were familiar with common household technologies and suggesting 
they had no difficulties using them, Table 3.8 would suggest that many were unsure of the purpose of the 
community alarm. This table indicates how users would contact various services, only including the 
responses from people with both a telephone and community alarm, giving a sample size of 157 people 
in this instance. As such, 19 (11%) did not have their own telephone and this would be anticipated from 
other studies. In 1994/95, of pensioners mainly dependent on state pensions and living alone, 14% did 
not have a telephone12631 while a 1997 publication suggests a figure of 10%lll8].
Table 3.8: C ontacting serv ices b y  com m unity a larm  o r  telephone
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n = i5 7 C om m unity  A larm
P e r c e n ta g e  r)
Telep hon e
P e r c e n ta g e 7
Repairs 74% 116 26% 41
GP 9% 14 91% 143
Ambulance 59% 92 41% 65
Police 52% 81 48% 76
Fire 44% 69 56% 88
Riseborough suggested that community alarm users had difficulty deciding whether or not a situation is 
an eligible emergency and whether to use the alarm or telephone11181. The results shown in Table 3.8 
agree with her observation as in all of these circumstances the telephone should normally be used. 
Discussions with interviewees revealed that many would use the alarm because they thought the alarm 
would generate a quicker response. They also believed that the police were more likely to attend if the 
control centre called on their behalf. Education would therefore be beneficial, however a significant 
proportion understand that the telephone would be quicker but preferred to speak to the warden or 
control centre operators who they were familiar with. Quantifying the number of people this accounted 
for has not been possible.
The high percentage using the alarm when seeking repairs to their home may be higher in sheltered 
housing than for users dispersed in the community. The scheme had its own caretakers and using the
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alarm during office hours will result in an almost immediate response form a caretaker. When wishing to 
contact the GP only 14 (9%) indicated they would use the alarm. It may be suggested that these people 
would prefer others to make decisions for them, further analysis shows that 13 of the 14 would also use 
the alarm when wishing to contact all of the emergency services. It would appear that even if users were 
fully educated, there would always be a proportion of people who would always use the alarm.
It may be presumed that those suffering from ill health would prefer to use the community alarm as they 
may be more vulnerable and comfortable with the community alarm control centre, but the evidence 
would not support this hypothesis. When wishing to contact all 3 of the emergency services, 43% of 
users perceiving their health as good or better would use the alarm, while this figure reduced to 41% of 
those perceiving their health as fair or poor. What appears to be the only parameter indicating a possible 
trend is the number of times interviewees went out of the scheme into the surrounding area, as presented 
in Table 3.9. An explanation may be that people who frequently interact with others in the local 
environment are more confident and willing to use the telephone. While those more inclined to stay 
within the ‘safety’ of the scheme are more apprehensive when encountering unfamiliar situations and 
prefer the assurance provided by the community alarm system with which they are familiar.
Table 3.9: H ow  interaction  affects con tactin g  the em ergency serv ices  
(inc. those with an a larm  an d  telephone)
W eekly number of times Percentage of people who 
interviewees went outside of would use the alarm rather 
the scheme surroundings___________than telephone________
_______Percentage_________ g________  Percentage_________ n
Chapter 3
<1 20 65% 13
1-5 53 49% 26
6-10 78 33% 26
>10 6 17% 1
Table 3.10 analyses users with access to their own telephone and who had activated the alarm during the 
previous year. It is noticeable that when an alarm situation arose in every measure the option of using 
the alarm was higher than that indicated in Table 3.8. It is therefore clear that when assistance is 
required the comfort that the community alarm system provides to users can be substantial.
Table 3.10: C ontacting serv ices by com m unity a larm  o r  telephone  
(b a se d  on a larm  usage in the p a s t  yea r)
U=83 Community Alarm
Percentage rj
Telephone
Percentage n
Repairs 84% 70 16% 13
GP 10% 8 90% 75
Ambulance 69% 57 31% 26
Police 61% 51 39% 32
Fire 49% 41 51% 42
The accep tan ce o f  pu llco rd s  a n d  pendan ts
A survey by Anchor Trust in 1984[1281 discovered that 59% of users had at least one pullcord tied up so 
that it no longer reached from the ceiling to the floor. The results from this questionnaire suggest a lower 
figure of 43% with a worrying 21% of interviewees having all of their pullcords inaccessible. Fig. 3.4 
presents these figures and indicates where one pullcord was tied up which room this occurred in.
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Figure 3.4: The num ber o fp u llc o rd s  d ea c tiva ted
Occupancy has a significant impact on the accessibility of pullcords. Where occupants co-habited only 
33% had all of their pullcords accessible compared to 67% for people living alone. A common theme 
throughout interviews with people living with someone else was that if they lived alone their response 
would be different. Many of those interviewed whom had all of their pullcords deactivated suggested 
that if they lived alone they would ensure all of the pullcords were accessible.
Analysis of the results for each of the 3 tower blocks highlights the important role of the warden. Where 
all of the pullcords were deactivated 76% were in one tower block, with 16% and 8% in the others. Part 
of the reason for this is that there are more people of shared occupancy in this block than the others, 
indeed there were 21 people in shared occupancy, compared to 12 and 16 respectively. However, this 
does not explain the considerable difference, the real reason is likely to be in the way the warden 
perceives their role. Where the figure was highest the wardens viewed their role as providing 
information for users to come to their own conclusions, whilst the wardens in the other blocks believed 
their role was to ensure that pullcords were available. Both methods have their strengths but what is 
perhaps required is clear direction to ensure a uniform service delivery, independent of a particular 
warden.
As previously highlighted, due to the limitations of the hardwired system installed, the system could only 
function with 6 pendant users per tower block. In total, 11 people had a pendant with 7 (64%) not 
wearing them when interviewed. This is slightly higher than the published figures of 27%’1251 and 
40%[126' identified in UK studies and the approximate 50%|1271 identified in an American study. There 
does not appear to be a reason for this higher figure, although the sample size in this instance raises 
doubt over the reliability of the findings.
P resen t system  sum m ary
This section of the questionnaire investigated the use of everyday technology. In addition to the 
community alarm, many interviewees were exposed to common household technologies with 58% 
having access to their own microwave or video. An important finding suggested that interviewees were 
happy to use the various technologies they were exposed too, and few had difficulties using them. 
Nevertheless, examination of the community alarm system revealed that pullcords and pendants were 
often inoperable and users were unsure whether to use their alarm or the telephone. Many knew the
consequences of inoperable pullcords but would rather live with their own level of risk and this again
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was a significant finding. For some developers there may be a requirement for a system that would 
detect everything immediately. The majority of those interviewed would be content with a more basic, 
and hence cheaper, system; prepared to live with some ‘risk’. Removing the risk element may result in a 
loss of dignity that could be detrimental. Such a basic system would be a lifestyle monitoring system 
and the results from this section would indicate that there would be a significant interest in this element.
3.2.3 Phase 1 alarm technology
A larm  arch itec tu re
The system in place prior to the completion of the questionnaire was based on pullcords, however the 
replacement system would allow users to have a pendant, maintain their pullcords or have both. The 
responses are provided in Fig. 3.5 and perhaps not surprisingly 60% choose to keep their pullcords and 
have an additional pendant. No charge was involved; therefore many opted to maintain their present 
system configuration with the addition of the pendant. Although not quantified, many commented that 
they would only wear their pendants when they were ill, the remainder of the time they would rely on the 
pullcords. Acceptance of a community alarm system was high, as indicated 89% were happy with their 
present system, but people would prefer to have the system without them having to wear a device, an 
important discovery for the development of future systems.
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User response
Figure 3.5: P referred  user system  configuration
Interestingly, 16% preferred to have a pendant and have their pullcords removed. Many of these people 
suggested that they found the pullcords more intrusive than the pendant, which they felt they could hide 
under a jumper. Conversely, 24% preferred to stay with their pullcords and declined a pendant. Many of 
these suggested that they did not find the pullcords intrusive as they had become accustomed to them, 
while the pendant with the necessity to be worn was more intrusive to them.
Of those with all of their pullcords inaccessible, 62% choose to keep the pullcords in addition to a 
pendant, 14% choose to have just a pendant and 24% choose to maintain their present system 
configuration. Users were aware that the removal of pullcords would not result in redecoration, so this is 
perhaps a surprising result, with 86% wishing to keep their inoperable pullcords.
Risebourough’s study1"8' concluded that people aged 75 and over were most interested in obtaining a
pendant and other ‘gadgets’ and this was observed in this study. O f those under the age o f  75, 70%
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requested a pendant while for those aged 75 and over, this rose to 80%. In addition to age, gender would 
also appear to influence the decision with 61% of men and 82% of women choosing to have a pendant.
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The pendan t
For those people choosing to have a pendant 3 different options were available as indicated in Fig. 3.6
Figure 3.6: The p o ss ib le  p o sitio n in g  o f  pen dan ts
The first option available was the traditional neck cord, the second was worn like a wristwatch, while the 
final option was a broach that could clip onto jumpers or belts. The choice of which pendant was related 
to gender with 59% of women requesting the wristwatch, 34% the neck cord and 7% the broach. Males 
had a preference for the broach with 48%, the wristwatch 39% and the neck cord 13%. The deciding 
factor was often concerned with how easy people thought they could hide the pendant.
A feature of the replacement system was the ability to answer the telephone by using the pendant. A 
hands free system would then ensure communication with the caller. For those people for whom such a 
feature could be used (i.e. chose to have a pendant and have access to their own telephone), 64% 
indicated that this would be beneficial to them. It would be assumed that mobility would affect the 
desire to use such a feature. However, when comparing the number of people who went out into the 
surrounding area less than once a week, the same 64% response was obtained. People who may be 
defined as having mobility problems indicated they had additional handsets, with one next to where they 
normally sit and one next to their bed. Therefore, to many this feature was no more beneficial than for 
other users. An impression was gained that people would prefer to use their telephone but in 
circumstances when they could not get to the telephone, this would be a benefit. As no charge was made 
for this service responses may be artificially high.
The ‘b o x ’
The community alarm ‘box’ to be installed into the homes of users is indicated in Fig. 3.7.
Figure 3.7: The rep lacem en t com m unity a larm
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This ‘box’ was noticeably smaller than that currently used and as such many (59%) indicated that they 
were content with it. However, 41% indicated that they would like to disguise it. Two options were 
given to achieve this, the alarm could be incorporated into a standard telephone, or it could be made as a 
clock. The majority, 81% choose the former.
Phase 1 alarm technology summary
The previous section highlighted that people were comfortable living with ‘risk’. This theme is again 
evident here where many of the 60% of users welcoming a pendant indicated they would only wear it 
when they felt ill. Choosing to live with the inadequacies of the pullcord system but making this choice 
aware of the limitations and as such their views should be respected.
It is clear from the chosen system configuration and the ‘box’ that users were looking to disguise the fact 
that they had a community alarm. The approach taken differed between people some reduced intrusion 
by having a pendant, while others declined a pendant as they considered it to increase intrusion. There is 
however a clear message that despite the ‘success’ and acceptance of the community alarm system the 
visible impact of the equipment needs to be recognised, users do not want others to easily recognise that 
they have a community alarm.
3.2.4 Phase 2 alarm possibilities
Generated speech
Amongst service providers12401 it has been remarked that recorded messages can cause confusion and 
distress to older people. The present system uses recorded or ‘comfort’ messages when calls are queued 
at the control centre and there have been occasions where the caller has thought the recorded message 
was an operator. However, the ‘comfort’ message is a person speaking naturally and there are cases 
where it is an operators voice. Using an unfamiliar voice, perhaps with some background music would 
be beneficial, as this is unlikely to result in the same confusion.
It is common for pendants and pullcords to be mistakenly activated and the control centre contacted12641. 
This is an area of concern, not just for the control centre who when dealing with such calls cannot answer 
higher priority calls, but also for many users who do not want to be seen as a ‘nuisance’ or ‘burden’. It 
was suggested to interviewees that it could be possible for the community alarm to speak to them and 
inform them that they have activated the alarm. Therefore there would be the opportunity to cancel the 
call before the control centre was contacted.
Despite the concerns of some service providers this proved to be acceptable with 78% positively seeking 
such a possibility. A few, 5% were undecided and 17% were uncomfortable with this possibility. For 
those who rejected this option their average age was 79.2, 3.7 years more than the scheme average. 
Overall it can be concluded that generated speech is acceptable to the majority of users if a clear benefit 
can be derived.
Chapter 3
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P A B X fu n ction a lity
The PABX or Private Branch Exchange is a local communications switch that enables all of the local 
telephones to be connected together with a reduced number of ‘trunk’ lines12651. In practice instead of 
people having their own telephone line to the telephone exchange, people have a telephone line to the 
PABX and the PABX connects to the exchange. Because not everyone is on the telephone at the same 
time, the PABX does not require as many telephone lines to the exchange. It also enables telephone calls 
within the PABX network to be free of charge.
The questionnaire concluded that 22% regularly telephone others on the scheme and on average this 
would be done 3 times a week. These people suggested that if the PABX system were introduced they 
would call others approximately 6 times a week. It would be expected that if no charge were involved 
people who do not currently telephone others on the scheme may find this helpful, but only 10% 
indicated they would use this possibility if it were available.
Parry e t u/1'61 has suggested that the installation of community alarms may have contributed to a decline 
in tenants willingness to be neighbourly towards one another and may explain why only a third would be 
interested in telephoning each other even if no charge were involved. Any enhancements to community 
alarms must be carefully monitored to maintain or preferably increase tenant involvement and reduce 
isolation. Fisk12661 has suggested that when speech systems were first introduced in sheltered housing 
they were accused of being liable to abuse and would result in a loss of social contact with the warden, 
yet few would argue with the benefits today. Nevertheless efforts must be made to ensure that 
developments do not divide tenants.
G as detection
Fig. 3.8 testifies that many (65%) were concerned that others could leave gas appliances on by mistake. 
Many of those interviewed suggested that gas appliances should be prohibited, as a gas explosion in the 
tower block would impact upon many people. However, many of the interviewees suggested they had 
cooked on gas all of their lives and to prohibit this could be very intrusive.
Users response
Figure 3.8: The leve l o f  con cern  o ver  o th ers lea v in g  g a s  applian ces on by m istake
A more acceptable solution may be to detect the level of gas and if above a dangerous level generate an 
alarm. This alarm could be internal, perhaps using generated speech, and if the gas level did not decline
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the gas could be turned off. This would address the safety concerns expressed by interviewees and allow 
people to continue to use gas appliances. Such technology is already commercially available11881.
In addition to gas monitoring a significant proportion of users raised the issue of monitoring water usage. 
Several commented they had experienced flooding when occupant(s) above them had accidentally left 
the bath taps on. Again, devices and systems are being developed to address this issue1137’2191.
A u tom atic  ligh ts
Automatically turning lights on and providing better visibility when getting out of bed may help to 
prevent some falls. It may also be beneficial to automatically turn lights on and off when moving in- 
between rooms. However, Fig. 3.9 indicates that such a possibility was not welcomed by many.
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Users response
Figure 3.9: The num ber o f  users in teres ted  in au tom atic ligh ts
This result may not be representative of users in other sheltered housing schemes or dispersed in the 
community. A considerable proportion commented that automatic lights were irrelevant because light 
from the floor hallway eliminated their passageway. Others commented that they had their own 
strategies for example, always putting the bedside light on before getting out of bed or using a torch. 
One lady also suggested that the shock of the lights automatically coming on could give her a heart 
attack! People without external hallway light may find this function more beneficial; nevertheless in a 
similar fashion to people taking their medication individual strategies are providing the solution.
A u tom atic  f a l l  de tection
The fear of falling and lying on the floor undetected was prevalent in many interviewees minds. A 
system was proposed that would automatically detect a fall and if that person had not regained their feet 
2 minutes latter, an alarm would be raised. In total, 75% commented that they would definitely welcome 
such a possibility with a further 2% indicating they were interested in this development.
Surprisingly, 9 (21%) indicating they had fallen in the last year rejected this possibility and it is unclear 
why this would be so. Two of the 9 had fallen 6 times during the last year and commented that because 
they fall regularly without harming themselves, such a system would be intrusive. Some also 
commented they were uncomfortable knowing that others would be informed they had fallen and 
therefore would rather do without such a device. They believed that if necessary they could raise the 
alarm with their pullcords or the soon to be acquired pendant.
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Lifestyle monitoring
Each interviewee was shown a PIR and it was explained that each room would require one. 
Consequently if they became unable to get out of a chair or the bath, this would be detected and an alarm 
generated. It would also ensure that if they normally got out of bed at 08:00, but were still in bed at 
11:00 for example, an alarm would be generated. In the first instance the alarm would be internal with 
generated speech and then externally to the control centre if no cancellation was received.
Many who expressed an interest in this possibility wanted to ensure that they did not encounter false 
alarms and would rather wait for the alarm to be raised than encounter false alarms. Many also wanted 
reassurance that ‘they’ -  the warden or control centre operators, could not see them. The general concept 
of monitoring and analysing daily activity levels were not discussed, hence there was no mention of 
monitoring the usage of the refrigerator as has been suggested1267' or creating a detailed pattern of 
habits12001. Only the specific benefits were discussed.
Of those interviewed, 65% declared they would welcome such a system in their home, with a further 3% 
interested in this development. All of the interviewees expressing an interest had no objection for a PIR 
being placed in the bathroom; indeed many saw this as the main source of potential benefit.
It would be anticipated that physical activity would affect the acceptance of such a possibility. Those 
with mobility difficulties would be considered to benefit the most as they would be more likely to have 
difficulties getting out of a chair or bath and therefore the system could detect this and raise an alarm. 
Table 3.11 indicates the acceptance rate when compared to how often interviewees went into the 
surrounding area.
Table 3.11: How interaction with the surrounding area (per week) 
affects acceptance of lifestyle monitoring
Outside of Accept lifestyle
scheme monitoring
__________ tj P e r c e n ta g e  rj
<1 22 55% 12
1-5 63 76% 48
6-10 85 60% 51
>10 6 50% 3
Evidently the more often interviewees went outside of the scheme the less likely they were to accept this 
possibility. Nevertheless, the obvious deviation from this hypothesis is those who go outside of the 
scheme less than once a week. Such people were only slightly more receptive than those who go into the 
surrounding area more than 10 times a week and there does not appear to be a satisfactory explanation 
for this result. Approximately half of those most likely to benefit from lifestyle monitoring accept it, 
while for those who go outside of the scheme between 1 and 5 times a week, three-quarters welcomed 
such monitoring.
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Telemedicine
Interviewees were shown a photograph of TED, The Electronic Doctor, developed by the University of 
Wales, Bangor[147], and described in Fig. 3.10.
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PULSE OXIMETER
It was explained that TED would measure blood pressure, heart rate, body temperature and breathing 
characteristics and that their doctor would define particular parameters for them. If outside of these 
parameters they would be informed and the doctor contacted. The doctor would therefore be able to 
assist, hopefully before greater intervention would be needed. Cancellation of the automatic call to the 
doctor would be provided, therefore giving control to the user.
In total 52% indicated they would value such equipment with a further 5% suggesting they would use it 
if their doctor suggested it. With such a device it would be assumed that health dictates the response and 
indeed this is true both for perceived health and the other health measures identified in section 3.2.1. The 
level of interest of users perceiving their health as above average was 43%, whilst this rose to 54% for 
those deeming their health as average and 68% for those below average. The number of prescriptions 
also affects the relative benefits of the device as depicted in Table 3.12, while the number of doctor 
consultations in the last year also indicated the same trend.
Table 3.12: How the number of prescriptions affects interest in telemedicine
Accept telemedicine
P e r c e n ta g e n
0 r|=32 44% 14
>0 & <=2 n=57 58% 33
>2 & <=4 t|=48 58% 28
>4 & <=6 n=21 57% 12
> 6 n = 1 8 72% 13
Clearly as health deteriorates the greater the level of interest in telemedicine almost independent of the 
health indicator used. Only hospital admission did not indicate this trend, where of those admitted to 
hospital in the last year 56% were interested compared to 57% of those who had not. Of those receiving 
nursing care only 30% were interested in telemedicine. It is believed that interviewees thought the 
telemedicine equipment would ultimately replace the nurse and hence in this circumstance some may 
have seen it as a choice between the nurse and an electronic device, with the resulting scepticism.
63
Chapter 3
Video conferencing
To ensure that the user was in control, the system described consisted of a small camera positioned on 
top of their television that they would physically have to activate to enable videoconferencing. Many 
were interested as to how this would be achieved, as they were concerned about potential damage to their 
television. In total 44% sought this functionality, with a further 2% possibly interested. A significant, 
but unknown, number of interviewees declined this option, as they believed the aforementioned 
enhancements were more important. Interviewees were aware that the second phase of the project would 
develop some of the enhancements, but there was limited finance and the results from the questionnaire 
would influence developments. It could therefore be suggested that if videoconferencing were available 
it would be used, but to the interviewees it was of less importance than the other enhancements 
discussed.
Nevertheless, a significant proportion did not perceive that any benefit could be derived from 
videoconferencing and would not be interested in this functionality if it became available. These people 
perceived it more as a toy than a positive enhancement to their community alarm. Surprisingly, of those 
people who get outside of their home less than once a week only 41% would be interested in this 
possibility, slightly less than the scheme average. This may be due to a lack of confidence with 
unfamiliar circumstances, previously expressed when contacting services, section 3.2.2.
In addition to being able to see people on their television screens, it was also suggested that by activating 
their camera the person they were conversing with could see them. Of those indicating they welcomed 
videoconferencing, 83% were content with this possibility, while a further 4% were interested in this 
possibility.
In order to investigate social video conferencing, i.e. with other people, in Block A the question asked 
was:
‘ When talking with friends, as well as speaking to them through the alarm unit would you 
like to be able to see them on the televisionV
While in the remaining blocks, videoconferencing with service providers was discussed in the form:
‘When communicating with the warden, control centre or GP, as well as speaking to them 
through the alarm unit would you like to be able to see them on the television V
Table 3.13 indicates the difference this makes, thus if there is a clear and personal benefit there is greater 
enthusiasm for the technology. In this case, the effect of the personal benefit increases the acceptance by 
18%.
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Variation between tower blocks
In order to have confidence in the results the three tower blocks should produce similar findings. Table 
3.13 presents the results, on an individual block basis, for the 4 main technology enhancements 
discussed.
Table 3.13: Interest in the four main technology enhancements, specific to each tower block
__________________ Tower block__________________
A /7 = 5 5  B 7 7 = 5 5  C 77= 66
P e r c e n ta g e n P e r c e n ta g e 7 P e r c e n ta g e 7
Automatic fall detection 75% 41 76% 42 79% 52
Lifestyle monitoring 67% 37 69% 38 68% 45
Telem edicine 51% 28 53% 29 65% 43
Video conferencing 58% 32 36% 20 44% 29
Evidently, there is similarity between the tower blocks with indicates that the responses obtained could 
be representative of people in similar situations. Automatic fall detection and lifestyle monitoring had a 
range of under 5%, indicating a reliable response. Telemedicine had a larger range, 14% and it is 
difficult to explain why interviewees in block C were more receptive. It could be assumed that block C 
contained a greater proportion of people with health needs and as previously identified, these people 
would be more receptive. However, analysis of the health measures such as, GP consultations, 
prescribed medication, or perceived health, indicates that there were equal proportions of people with 
significant health needs in all three blocks.
A possible explanation is the influence of the wardens who in this block were the only ones receptive to 
telemedicine monitoring. As previously indicated the wardens organised the interviews and were 
interviewed after the questionnaire had been completed with the users. However, by the time the 
wardens were interviewed users had informed them of the technology discussed and therefore they may 
have influenced users that had yet to be interviewed. The influence wardens have is substantial. Where 
comparison can be made for videoconferencing, namely blocks B and C, there was a range of only 8%.
Occupancy
As previously discussed couples living together indicated they would answer questions differently if they 
lived alone. Analysis of the different responses is presented in Table 3.14.
Table 3.14: Interest in the four main technology enhancements, specific to living arrangements
Shared occupancy Live alone
rj=49
P e r c e n ta g e 7
n=127
P e r c e n ta g e 7
Automatic fall detection 69% 34 80% 101
Lifestyle monitoring 73% 36 66% 84
Telemedicine 65% 32 54% 68
Video conferencing 61% 30 40% 51
Of the 4 main technology enhancements discussed it is noticeable that co-habitants were more receptive 
with the exception of the automatic detection of falls. When performing the questionnaires it was 
evident that falling and lying undetected was a concern to many. Co-habitants have the comfort and
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assurance that their partner can assist them and raise an alarm, while people living alone would be more 
isolated and therefore may be more receptive to this possibility.
It is difficult to appreciate why people living alone, who may be considered as more vulnerable and 
therefore potentially gain more, were less enthusiastic to the technology possibilities than co-habitants. 
During the course of the questionnaire co-habitants often indicated that if they lived alone they would 
have been even more receptive, so overall it would be assumed that co-habitants would be the less 
receptive group. This is also validated by the use of pullcords where 67% of co-habitants did not use the 
pullcords, i.e. had all of them tied up, compared to 33% for single occupants. The only plausible 
suggestion for co-habitants being more receptive is that because the questionnaire was performed on a 
flat basis, co-habitants could confer and find support from each other. People living alone had no such 
‘safety net’ and therefore if they were unsure, perhaps the safer response was to decline the technology 
enhancement. Such a hypothesis cannot be assured from the results of this questionnaire.
The affect of age on acceptance
Riseborough’s study11181 of community alarm users suggested that those aged 75 and over were most 
interested in pendants and ‘gadgets’. The results from this questionnaire would agree with her 
conclusions for age being a qualifier for the acceptance of pendants, but suggests that for the acceptance 
of what she termed, ‘gadgets’, it cannot. Table 3.15 indicates that for 3 of the enhancements it was those 
under the age of 75 who were most receptive. However, the results do not overwhelmingly fall into one 
group or another and therefore would suggest that the acceptance of the enhancements was not dependent 
on age. The use of common home based technology also does not clearly support Riseborough’s 
hypothesis. Of the 102 users in this questionnaire having either a microwave or video machine only 54% 
were aged 75 and over.
Table 3.15: Interest in the four main technology enhancements, specific to age
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<75 ti=70  
P e r c e n ta g e n
>= 75  t)= 
P e r c e n ta g e
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V
Automatic fall detection 69% 48 80% 85
Lifestyle monitoring 70% 49 67% 71
Telemedicine 64% 45 52% 55
Video conferencing 47% 33 45% 48
Those rejecting the four main technology enhancements
Nineteen, (11%) were not interested in any of the 4 main enhancements. As indicated in section 3.2.2, 
contacting services, approximately 8% looked for others to make decisions for them, choosing to use the 
community alarm to contact the GP and emergency services rather than the telephone, yet none of these 
people rejected all of the enhancements.
Comparison of the people rejecting the four main technology enhancements does not indicate a clear 
reason as to why this should be so. The average age of these people was 76.5 and using Riseborough’s 
hypothesis of people over the age of 75 being most receptive, it would be presumed the average age 
would be below 75. The only clear characteristic common to all was that 12 of the 19, 63% also 
indicated that they would stay with their pullcords and declined a pendant.
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There were situations where it would appear that an individual could greatly benefit from some of the 
enhancements discussed; yet they declined. It may be that some could not comprehend what was being 
discussed and therefore declined, since they were satisfied with what they had already. These people 
would fit into the stereotypical view of frail older people in sheltered housing and are heavily reliant on 
the warden for advice and assistance. Such people are part of sheltered housing and the wider 
community and when introducing such technology every effort should be made to include these people. 
Several people wanted to change their opinions on enhancements after discussions with others and the 
wardens. This was especially true of block C where the wardens were very enthusiastic. This again 
highlights the significance of the warden.
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The acceptance o f multiple enhancements
The results from this questionnaire revealed that 89% were happy with their present community alarm 
system, yet 57% were interested in at least 3 of the 4 main technology enhancements and 25% interested 
in all 4. This casts doubt over the validity of user surveys that purely seek to discover the ‘success’ of 
current systems as no comparison can be made with an alternative. This questionnaire reveals that 
despite a high level of satisfaction with the current community alarm system there is a desire for 
development. The acceptance of multiple enhancements can be seen to be related to how often the 
current alarm is used as presented in Table 3.16.
Table 3.16: How alarm usage in the previous year affects the acceptance o f multiple enhancements
0 r|=81
% 7
>0 <=4 T|=
%
=73
7
>4 <=10 tv
%
=16
7
>10 T|=
%
=6
7
Interested in any 3 59% 48 52% 38 69% 11 50% 3
Of which, definitely want any 3 57% 46 45% 33 63% 10 50% 3
Interested in all 4 22% 18 27% 20 31% 5 17% 1
Of which, definitely want all 4 21% 17 26% 19 19% 3 17% 1
It is noticeable that users who have not used the alarm in the last year recognise there are benefits with 
the enhancements discussed. The general trend indicates the more the alarm is used the greater the 
acceptance of new technology, until the alarm is used more than 10 times during the year. At such point 
there is a noticeable decline, which is perhaps surprising, as it may be that these are the people who 
would most benefit from the enhancements. Tables 3.17 and 3.18 show similar trends comparing 
perceived health and the number of doctor consultations throughout the previous year and both show the 
same trend.
Table 3.17: How perceived health affects the acceptance o f multiple enhancements
Excellent Very good Good Fair Poor
T|=15 ti=32 ti=57 r|=47 ti=25
% 7 % 7 % 7 % 7 % 7
Interested in any 3 33% 5 38% 12 60% 34 7 0 % 33 64% 16
definitely want any 3 20% 3 31% 10 56% 32 68% 32 60% 15
Interested in all 4 13% 2 9% 3 25% 14 38% 18 28% 7
definitely want all 4 7% 1 9% 3 25% 14 32% 15 28% 7
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affects the acceptance o f multiple enhancements
0 >0 <5 >=5 <=10 >10 <=15 >15
T|=1 9
% 7
ti= 6 8% 7
n=53
% 7
T |= 18
% 7
ii 00
7
Interested in any 3 47% 9 50% 34 51% 27 89% 16 78% 14
definitely want any 3 42% 8 47% 32 43% 23 83% 15 78% 14
Interested in all 4 26% 5 28% 19 15% 8 33% 6 33% 6
definitely want all 4 2 1 % 4 28% 19 11% 6 33% 6 28% 5
Whether it is a fear of the unknown, embarrassment, an insufficient understanding or some other measure 
those who could reap the greatest potential benefits, those in the last group of the above tables have a 
reduced interest in the enhancements. It is also clear that the majority of people were clear in their own 
minds if they wanted an enhancement, as there is little variation between those interested and positively 
wanting enhancements.
It may also be considered that previous technology exposure would increase the desire to embrace the 
enhancements. Of those possessing a microwave and video player, 62% were interested in any 3 of the 
enhancements, while this only reduced by 10%, to 52% of those who did not posses either. Therefore, 
there would be some evidence to support the hypothesis that previous technology exposure increases the 
acceptance of an enhanced community alarm system, but the results from this questionnaire would 
suggest the impact is slight.
The freedom of information
An important component of automatic fall detection, lifestyle monitoring and telemedicine is that they 
could be used in a preventative as well as reactive way. Thus, if unusual behaviour occurred, perhaps 
several falls within a small time scale, the reason for this should be investigated; ultimately perhaps 
avoiding future falls. Monitoring lifestyle behaviour and medical parameters over time can also be used 
to indicate potential difficulties. To achieve this personal information must be stored and analysed and 
as Table 3.19 indicates the majority of interviewees were prepared for this to happen.
Table 3.19: How interviewees responded to being asked if personal information could be stored
No objections If GP thought Don’t know No
wise
% 7 % V % V % 7
Automatic fall detection r|=135 92% 124 1% 1 - 7% 10
Lifestyle monitoring u = 120 98% 118 - - 1% 1 1% 1
Telem edicine u = 100 97% 97 - - - - 3% 3
Evidently, 10 (7%) expressing an interest in automatic fall detection would prefer that if they fell this 
information was not kept, with 2 of these experiencing a fall in the last year. It is unclear why there 
should be a higher proportion of people preferring fall information not to be stored. A possible 
suggestion may be that if a fall did occur these people may believe that the fall would not be substantial, 
and they would be able to regain their feet; thus to remove any possible embarrassment they would prefer 
this information not to be stored.
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Video door entry system
The final technical enhancement discussed was a remote door entry system that would allow people to 
see who was at the front door to the tower block on their television screen. This was the most well 
received enhancement with 92% indicating they would find this beneficial. It would appear that the high 
acceptance rate was due to local children causing a nuisance in the tower blocks. To gain access to the 
tower blocks someone has to let the caller in and this is achieved by activating a switch in any of the 
flats. Some interviewees commented that some of the “....confused older ones...” would let anyone in 
and that being able to see the caller on the television could help to alleviate this problem.
Technology or residential care?
In order to investigate the possible acceptance of technology enhancements, interviewees were asked to 
choose between having technology enhancements or moving into residential care and 93% indicated they 
would prefer to stay in their own homes with technology. Although this may indicate that technology 
would be welcomed if such a situation arose it is difficult to know if this is an accurate picture. Many 
may have chosen to stay at home whether or not they had technology as they did not want to leave their 
home or go into residential care. A Department of the Environment12681 report has indicated the 80% of 
people want to stay in their own homes for as long as possible and it is known that people enter 
residential care as a last resort1101.
Phase 2 alarm possibilities summary
Several technologies were discussed and a positive response was gained by many. Generated speech, 
which was previously thought to be unwelcome, was shown to be acceptable. The acceptance of the 4 
main technologies discussed namely, automatic fall detection, lifestyle monitoring, telemedicine and 
videoconferencing was previously unknown. The questionnaire clearly indicates where efforts should be 
made with the automatic detection of falls, lifestyle monitoring and a vision door entry system the 
enhancements users were most interested in. The use of telemedicine and virtual consultations were 
welcomed by those with poor health and would therefore indicate that the use of such equipment would 
be most welcome by people suffering from particular illnesses rather than all of the community alarm 
users.
A summary of the findings were provided to each interviewee is available in Appendix A3.4
3.3 Future Potential Users
A voluntary questionnaire was performed at the 8th retirement association chairpersons’ conference of 
Boots. All retired Boots staff have the option of joining regional associations and the conference 
gathered together the chairpersons of these regional associations. Therefore, the people gathered 
represent a wide diversity; some were recently retired while others had been retired for some time. They 
were geographically spread from Edinburgh to Sussex and appeared to have no bias towards accepting or 
rejecting the technology discussed. The only common link was that they previously had worked for 
Boots.
69
Chapter 3
Methodology
The questionnaire immediately followed a presentation on advancing home care technology and was 
completed individually. Information was given on each question (the questionnaire is provided in 
Appendix A3.5) and time given for the participants to fill in the form. In total all 22 chairpersons’ 
participated in the questionnaire. Investigation of future technologies, such as lifestyle monitoring etc. 
was on the assumption that they had been assessed as needing a community alarm.
3.3.1 Future potential user results
General
The majority of participants (21) owned their own homes with 1 being a tenant. Thus compared to the 
previous questionnaire with users in local authority owned sheltered housing, these participants could be 
considered as more affluent. Seven people lived alone, 11 lived with one other, while 4 lived with 2 
others. The average was therefore 1.8 occupants per home.
Currently, 11 (50%) of participants have a home security system, with a further 2 (9%) indicating they 
may obtain one in the future. It may be assumed that people living alone and therefore often leaving the 
home unoccupied would be the group most likely to have a security system. However, the findings 
would not support this hypothesis with 7 of the 11 (64%) living with at least one other having a security 
system. As in the previous questionnaire co-habitants were the most receptive group. For people living 
alone there was no distinction between having a security system or not with approximately equal 
proportions in both groups. For those living with two others only 1 from 4 (25%), had a security system.
Lifestyle monitoring
The explanation for the lifestyle monitoring system was the same as that in the aforementioned current 
user questionnaire. Of the 22 people questioned, 9 (41%) indicated that if they needed a community 
alarm, they would find lifestyle monitoring beneficial. A further 9 also indicated that they would 
consider this option with the remaining, 4 indicating that they were unsure. Although these findings do 
not show that lifestyle monitoring should be an integral part of the community alarm system, it is evident 
that no one indicated that they did not want this option. The previous questionnaire revealed that those 
with good mobility, going into the local environment frequently, were the least receptive group to 
lifestyle monitoring. Therefore, as mobility was not currently a difficulty for the participants in this 
questionnaire it may have been difficult to appreciate the benefits at this stage.
It was observed earlier that co-habitants were more receptive to the 4 main technology enhancements 
than people living alone. This trend was evident again where 53% of co-habitants indicated they would 
welcome lifestyle monitoring as part of their community alarm, while this reduced to 14% of those living 
alone. Previous technology exposure also impacted upon acceptance in the current user questionnaire 
and this trend was observed again. Of those with a home security system 55% welcomed lifestyle 
monitoring, with this reducing to 27% of those without such technology.
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The acceptance of cameras
When the community alarm is activated in some circumstances it may be helpful for the community 
alarm control centre operator to see inside of the home. However, it has been suggested that such a 
technique is ‘....recognised as being intrusive'[269]. The system described would only use the camera 
when the control centre was contacted and the camera would be hidden, perhaps in the PIR used in the 
lifestyle monitoring system. The response indicates that all participants would have at least 1 camera in 
their home with Table 3.20 indicating the acceptance of cameras in specific rooms.
Table 3.20: The acceptance of camera’s in the home
Living room Hall Kitchen Bathroom Bedroom
% n % 7 % 7 % V % n
Accept 59% 13 59% 13 50% 11 41% 9 36% 8
Reject 41% 9 41% 9 50% 11 59% 13 64% 14
Despite the results suggesting that participants would allow cameras into their homes, intrusion was 
evident especially where people were likely to be in a state of undress in the bedroom and bathroom.
On average participants indicated they would have 2.5 camera’s in their homes, 8 indicated they would 
have only 1 while 5 indicated they would allow cameras in all of the rooms. The exposure to technology 
again impacted upon the acceptance with 3 of the 5 people indicating they would have camera’s in all of 
the rooms currently having a security system and 1 suggesting they may have one in the future. All 5 
lived with someone else and occupancy again impacted upon acceptance, where people living alone 
indicated an average of only 2 cameras.
Automatic fall detection
Eighteen (82%) welcomed the automatic detection of falls with a further 2 (10%) unsure. Of those living 
alone 86% indicated they would welcome a fall sensor while this dropped slightly to 80% of those living 
with at least one other. Again this trend was observed with the current users, where of the 4 
enhancements discussed the only one which was better received by people living alone was the fall 
detector.
Telemedicine
The results from the current user questionnaire suggested that 52% welcomed medical monitoring. This 
questionnaire of potential users suggests a similar figure with 12 (55%) indicating they would welcome 
such a possibility. A further 7 (32%) indicated they would use telemedicine if their doctor suggested it.
Again, people living alone were less receptive, 3 (43%) of the people living alone indicated ‘yes’ and 6 
(86%) indicated either ‘yes’ or ‘if doctor decided’, while those people living with someone else indicated 
9 (60%) to ‘yes’ and 13 (87%) to either ‘yes’ or ‘if doctor decided’. Regarding a home security system, 
no real significance was observed, 89% of those without a security system indicated either ‘yes’ or ‘if 
doctor decided’, whilst this reduced to 82% of those with a security system.
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Virtual consultations and videoconferencing
The prospect of performing doctor consultations virtually was suggested as an alternative to physical 
consultations in some instances. In total, 36% declared they had no objections to their consultation being 
performed remotely with a further 27% indicating they would be happy to use such a method if their 
doctor suggested it. Twenty-three percent would prefer to have a physical consultation, with the 
remaining 14% undecided. Again, co-habitants were more receptive with 67% compared to 57% 
prepared to use virtual consultations.
Thirteen (59%) indicated that videoconferencing with friends and relatives, in effect a video telephone, 
would be welcome with 5 (23%) unsure. The remaining four (18%) indicating that they would not like 
this, preferring to use the standard telephone. Of those suggesting they would welcome virtual 
consultations, 5 of the 8 (63%) would also welcome videoconferencing when speaking with friends and 
relatives. Evidently, 3 of the 8 (37%) were content to use videoconferencing with their doctor, but would 
prefer to use a telephone when speaking with friends and relatives. Interestingly, of the people positively 
welcoming videoconferencing all of them lived with someone else and it is unclear why this should be 
so. Comparing those with and without a home security system is inconclusive.
Equipment costs
Because the majority of participants were likely to be affluent and not eligible for statutory funding they 
are likely to have to purchase their own community alarm. As such an idea of the price participants 
would be prepared to pay if assessed in need for a full system, incorporating lifestyle monitoring, fall 
detection, virtual consultations and videoconferencing was investigated. Participants were asked to 
suggest a one-off figure for equipment and a weekly monitoring charge. Four participants were unable to 
suggest a figure as they were unsure what ‘technology’ costs, but the remaining 16 suggested an average 
of £925 for the one off equipment charge. However, Table 3.21 suggests there is a significant variation 
between what participants would pay for the technology.
Table 3.21: How much participants would pay for a one off equipment charge
Amount £50 £100 £350 £500 £750 £1,000 £1 ,500 £2 ,500 £3,000
Frequency 2 1 1 3 1 5 1 1 1
This is obviously a subjective measure and is difficult to suggest a figure when the technology is not 
currently needed. However, Table 3.21 indicates that a figure of £1,000 was most frequently suggested. 
By eliminating the two extreme cases, i.e. £50 and £3,000, the average reduces to £900. Analysing the 
results indicates those who would pay the most were the most receptive to the technology. Focusing on 
those who would pay a minimum of £750 reveals that they all indicated an interest in lifestyle 
monitoring, while all positively welcomed the automatic fall detection system. In addition telemedicine 
was welcomed by all, while 6 of the 9 welcomed virtual consultations and 7 videoconferencing.
Before the questionnaire was completed it was mentioned that the BCC Careline system charges under 
£2.00 a week for monitoring of the present system. Nevertheless, it would appear that many would pay 
far in excess of this for a 2nd generation telecare system. Table 3.22 indicates the range of weekly 
charges for the 17 participants suggesting a figure.
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Table 3.22: How much participants would pay for a weekly monitoring charge
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Amount £1 £2 £5 £10 £20 £25
Frequency 1 3 2 3 4 4
The average weekly charge suggested by participants was £13.35, while removing the two extreme cases 
suggested a figure of £10.50. Analysis of those prepared to pay £750 or more for the equipment suggests 
a weekly monitoring charge of £14.33.
Currently the community alarm costs approximately £175 with a 5 year maintenance contract, while the 
weekly monitoring charge is less than £2.00[2401. Clearly if the participants needed a community alarm 
they were prepared to finance, from their own resources, the necessary equipment to maintain their 
health and allow them to stay in their own homes. This clearly demonstrates that if there is need, people 
are prepared to use technology and invest considerable sums for it.
Accuracy of the results
The results presented do not represent the whole population fairly, all but one of the participants owned 
there own home and from subsequent information obtained from Boots 85% held a middle management 
position, 5% were union representatives and only 10% were operational staff. They may therefore be 
well educated and reflect a financially affluent group. It should also be noted that with a sample size of 
just 22 this is insufficient to be able to generalise the results obtained. However, the results gathered 
indicate a similarity with the current user results as can be seen in Table 3.23, and therefore add to the 
evidence base for 2nd generation telecare systems.
Table 3.23: Comparison between present and potential community alarm users
Current users Potential users
Yes Perhaps* No Yes Perhaps* No
Automatic fall detection 75% 2% 23% 82% 13% 5%
Lifestyle monitoring 65% 4% 31% 41% 59% 0%
Telemedicine 52% 5% 43% 55% 40% 5%
Virtual consultations 
Videoconferencing
4 4 % f 9 % t 4 7 % f
36%
36%
41%
23%
23%
41%
* = Includes all options except ‘Yes’ or ‘No’.
t  = Virtual consultations and videoconferencing were combined in the current user survey.
3.4 The Providers Prospective
In order to successfully develop the community alarm system investigation is required of both users and 
providers. Having gained an appreciation of the needs of users, and understood the arguments behind 
their thinking, the common ground acceptable to users and providers can be sought. The providers 
perspective was analysed from the wardens and control centre operators viewpoint and sought to 
investigate:
■ Their requirements for any future system.
■ Their understanding of the user.
In order to measure the providers understanding of community alarm users, the wardens and control 
centre operators who provide a service to the users surveyed in the current users questionnaire were 
questioned. The warden’s were questioned on an individual basis after the survey of the users whereas
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the control centre operators completed a questionnaire by themselves and without additional information. 
The involvement of participants in both of the questionnaires was voluntary with consent provided by 
Birmingham City Council.
3.4.1 The warden’s requirements
All 6 wardens participated in the questionnaire presented in Appendix A3.6.
Is the present system meeting requirements
Three of the wardens thought the current alarm system met their requirements ‘most of the time’, whilst 
the remaining three commented that the present system was ineffective as their equipment was in need of 
repair. Generally the wardens were content with the system specification, but due to the age of 
equipment and its unreliable nature they were keen for a replacement system.
As indicated in Fig. 3.1, the wardens can currently only receive alarm calls when physically connected to 
the alarm system and this was seen as a disadvantage, especially when doing their morning visits to each 
home on the scheme. Two of the wardens working in the same tower block also expressed a desire to be 
able to converse with one another through the intercom, something that currently is not possible. These 
two wardens also commented that it would be useful if they could carry personal details of everyone 
living on the scheme on a computer. Therefore in an emergency they could inform the ambulance crew 
of medical information and contact relatives without leaving the ‘patient’ alone.
Pullcords and pendants
In terms of the effectiveness of raising an alarm, half of the wardens thought the pullcords were effective, 
while half thought they were ineffective. The reason suggested for the ineffectiveness of pullcords was 
that so many users deactivated them and that you needed to be near one to raise the alarm. Particular 
reference was given to the placement of the pullcords, especially in the bathroom where the pullcord was 
positioned near to the toilet but at the tap end of the bath where it was difficult to reach when bathing. 
All of the wardens believed the pendants would be effective, however they recognised that users would 
need to wear them.
Alarm activation
Based on a 5 day week with 40 users the wardens suggested that during office hours the alarm would be 
activated 11.2 times. However, there was a large dispersion in the results, 2 of the wardens suggested the 
alarm would be activated 3 times a week, while another suggested 25. During non-office hours an 
average figure of 18 was suggested, again with a large dispersion between 2 and 35. Seemingly the 
wardens believed there would be more alarm calls during non-office hours when they were not available. 
The current users suggested they would activate the alarm 1.5 times per week while the wardens 
suggested an average figure of 29.
The variation may originate from a reluctance by users to truthfully admit to how many times they have 
used the alarm through embarrassment or forgetfulness, while the wardens may exaggerate the number 
for issues of job security. Over recent years the warden service at this scheme had been reduced by 25%
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and the uncertainty of a new system being introduced with the technical possibility of reducing morning 
visits, may have intimidated the wardens. The wardens may also have included the number of times they 
provide assistance without the alarm being activated, while the users only included alarm activation.
The current user questionnaire revealed that during the last year there were 6 occasions where assistance 
was required but the alarm could not be activated. Three of the wardens commented that in their 
experience there had never been an occasion where the alarm could not be activated when required, 
while one warden remarked in his 11 years as a warden this had occurred 3 times. The remaining 2 
wardens commented that this could happen as much as 14 times a week on the scheme as they would not 
always know when assistance was needed. Evidently there is again a large range in the results and the 
experience of different wardens.
Future alarm possibilities
The wardens were receptive to enhancements if they felt the users would benefit. All of the wardens 
believed that the automatic detection of falls and lifestyle monitoring would be advantageous to users 
and would also assist them in their role. The role telemedicine could play was not greeted with such 
enthusiasm with just 2 wardens believing this could help users. One warden felt some users could gain 
from it, while the three remaining wardens suggested that it could actually be harmful. They felt that 
providing telemedicine options to a select few would be divisive and that some would find it stressful, 
using it continually to ensure their well being. There was also concern that the device could be relied 
upon and that medical attention would not be sought because the telemedicine equipment did not support 
the feeling that they were unwell. Clearly there is some uncertainty as to the value of telemedicine and 
its appropriateness in sheltered housing and this trend was observed with the current user questionnaire 
where the split was just over half (52%) in favour.
Being able to speak and see users through the alarm system was seen as advantageous by 5 of the 6 
wardens with the remaining warden suggesting there would be little benefit. Of the current users only 
44% were interested in this possibility, suggesting the wardens would benefit more than the users. This 
may be because they may be able to decide whether or not to visit a user based on the additional 
information provided by the videoconference. British Telecom have suggested that less than 10% of the 
effectiveness of any encounter comes from the words used, the body language is more important12701.
A door entry system with a video camera enabling users to see who is at the front door to the block was 
welcomed by 5 of the wardens with 1 warden undecided. However, all would like the door entry system, 
with or without a picture, to be linked to the control centre, therefore enabling the emergency services 
and anyone else access to the block when the warden is off duty. Due to operational issues, at present, 
the Birmingham City Council system does not provide this function although others such as Orbit[271] or 
Chichester12721 have done so since 1997/98.
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3.4.2 The control centres requirements
From a possible number of 18 control centre staff, 10 participated in the voluntary questionnaire 
reproduced in Appendix A3.7.
Pullcords and pendants
There was a large range of responses regarding the effectiveness of pullcords as indicated in Table 3.24.
Table 3.24: The control centres perspective of the effectiveness o f pullcords
Effective Effective most of 
the time
Not really 
effective
Not effective
Frequency 2 4 3 1
Some 40% of users did not consider pullcords as an effective way of raising the alarm, which was similar 
to the response obtained from the wardens where half thought they were ineffective. Pendants were seen 
as a more reliable way of raising a call for help with 9 of the 10 control centre staff commenting 
pendants were effective when worn. The remaining operator suggested they were effective most of the 
time.
The warden service
The operators were asked to rate the value of the warden service to them. Positive feedback was gained 
from all participants with 3 suggesting it was invaluable, 1 very good and 6 suggesting the service was 
good. The value of the warden service to the control centre staff was similar to that of the users where 
92% valued the warden service in the 3 categories mentioned. The value of the warden service to users 
is provided in the additional information presented in Appendix A3.3.
Communication
The quality of the communication with users was investigated, with 8 of the 10 participants directly 
involved with answering calls. Five judged the communication as good and 3 satisfactory. Occasionally 
difficulties were experienced when the caller was not in the same room as the community alarm. 
Manufacturers claim alarm units can detect sound through closed doors but in such circumstances it is 
often faint. Amplifying the sound at the control centre also amplifies background noise such as the 
television, and the common ‘hiss’ of the telephone line.
Future alarm possibilities
In a similar fashion to users and the wardens automatic detection of falls and lifestyle monitoring were 
seen as the most beneficial enhancements with 9 of the 10 control centre staff welcoming these 
developments. The remaining participant was undecided for lifestyle monitoring; while a different 
participant suggested only certain users should have automatic fall detection.
A greater degree of variation was observed for the introduction of telemedicine. Only 2 (20%) were 
positively in favour compared to 33% of the wardens and 52% of the current users. Six thought certain 
users should have this capability, 1 believed that no one should have a telemedicine device and 1 was 
undecided.
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The use of videoconferencing technology indicated that there was uncertainty as to the benefits of being 
able to see and hear callers. Three were in favour, 2 thought it would be useful for certain users, 2 
rejected this, 2 were undecided and 1 did not answer. Such a position was observed with both the 
wardens and current users. Evidently both users and providers do not envisage being able to see each 
other in an emergency as an important consideration.
Being able to see who was at the main front door to each tower block was seen as important to 92% of 
current users and all of the wardens suggested that the control centre should be able to see whoever is at 
the front door and allow entry to the block during non-office hours. The findings from the control centre 
staff reveal that 4 were in agreement with the wardens with 6 indicating this would be advantageous 
when limited to the emergency services only. It would appear there is concern about an increase in 
workload and answering door entry calls whilst ‘real’ emergencies are left unanswered on a queue. Call 
line identification (CLI) could be used to prioritise calls but would undoubtedly result in an increased 
workload. However, the service provided should be the consideration and every effort made to meet 
users wishes.
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3.4.3 Understanding the users
As previously indicated there has been little investigation of the wishes of users in respect to the 
development of their community alarms. What developments there have been have originated from 
manufacturers and service providers. Therefore, if the providers cannot accurately estimate the 
responses of the people to whom they provide a service, manufacturers may develop unnecessary 
equipment and systems. In order that the wardens and control centre staff did not feel threatened by a 
comparison of their understanding of the users, the questions referred to what the majority of users 
indicated, rather than specifically as to what percentage of users responded to particular options. The 
findings are provided in Table 3.25.
Table 3.25: C om parison  o f  the p ro v id e rs  un derstanding  o f  cu rren t users
Topic
Percentage of Providers who successfully 
indicated how the majority o f the current 
users responded
Current users Wardens Control 
response rp6 centre staff 
n=176 n=10
Satisfied with the present community alarm system 89% 100% 90%
Would use the alarm rather than the telephone when contacting:
Repairs 74% 100% 67%
GP 9% 83% 33%
Ambulance 59% 100% 67%
Police 52% 17% 67%
Fire 44% 0% 67%
Preferred user system configuration: pendant and pullcords 60% 67% 80%
The level of positive acceptance of:
Generated speech 78% 33% n/a
Automatic fail detection 75% 100% 70%
Lifestyle monitoring 65% 100% 80%
Telemedicine 52% 66% 30%
Videoconferenci ng 44% 33% 0%
No objection to historical data being stored on:
Falls 92% 100% 40%
Lifestyle monitoring 98% 100% 50%
Telemedicine 97% 100% 20%
Interested in attending an exercise class on the scheme 39% 33% 0%
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Overall the analysis reveals that the wardens and control centre staff had a fair understanding of the 
people they provide a service too. Both the wardens and control centre staff demonstrated they were 
aware of the satisfaction users had with the present community alarm system however, their grasp of 
other measures was less accurate. The understanding of the use of the community alarm indicated that 
the majority of wardens believed users would contact the fire brigade and police directly when in fact the 
alarm would be used. While the majority of the control centre staff believed the alarm was used to 
contact the GP, when in reality the telephone was the primary source.
A particularly interesting result was the acceptance of generated speech. The majority of users 
welcomed this, as there was a direct benefit (reduction in false alarms). However, the majority of 
wardens believed users would reject this option as they would be against \ . . . a  com pu ter speaking to  
th e m .. . ' .  The acceptance of telemedicine and videoconferencing were also misunderstood, however 
these options would be difficult to predict with the users indicating a near 50% acceptance rate. What is 
surprising is that, to some degree, all of the control centre staff indicated the majority of users would 
accept videoconferencing when this view not upheld by the users. The control centre staff also 
misunderstood the extent to which users were prepared for information about them to be stored.
With the physical contact and friendship of the warden it is not surprising that overall they had a better 
understanding of the users. Nevertheless, the analysis suggests that despite an overall apprehension they 
could not predict all of the outcomes and consequently indicates the importance of conducting 
questionnaires with users.
3.5 Conclusions
It could be said that the questionnaire with current users generally represents the views of older people as 
a whole. An 89% response rate is likely to include those both receptive and against technology, while 
responses to the control questions indicated anticipated results. However, due to insufficient resources 
one researcher performed all of the interviews and although an unbiased approach was sought it is 
possible that the researchers prejudices may have influenced the results.
The exposure of everyday technology to current community alarm users revealed that 58% had a 
microwave, video machine or both. Many users expressed they had few difficulties using the technology 
but the operation of the community alarm indicated that users were unsure when to use it. When wishing 
to contact the emergency services they would often use the alarm as opposed to the telephone. Indeed, 
when wishing to contact the ambulance service 59% indicated they would use the alarm. The alarm had 
been used by only 54% of users in the previous year and education of what the community alarm system 
achieves and its purposes could be useful.
The introduction of commercially available community alarm enhancements was generally welcomed. 
Pendants were requested by 76% and the choice of pendant centred on how it could be best disguised or 
hidden. Many users indicated they would not wear the pendant unless they felt ill, as they perceived it as 
intrusive. It is known that pendants are often not worn with 64% not wearing their pendants when
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interviewed in this survey and figures of 27%[125] or 40%[126) have been suggested in other surveys. It 
may therefore be advantageous that future technologies do not rely on the user having to wear a device.
The acceptance of technology not commercially available when the questionnaire was performed also 
indicated a high acceptance rate. Indeed, 57% were interested in 3 of the 4 enhancements discussed 
namely, automatic fall detection, lifestyle monitoring, telemedicine and videoconferencing. In addition 
being able to see who was at the main door to the tower block on the users own television was welcomed 
by 92% and generated speech by 78%. Other technologies would also be beneficial with 65% indicating 
they were concerned with others leaving gas appliances on by mistake. Several interviewees also 
mentioned flood detection.
An important finding was that users choose to live with risk. Over 40% of users had at least one pullcord 
deactivated with 21% indicating they were all deactivated. The consequences of being unable to activate 
the alarm were often known yet the choice was made to live with a level of risk with which they were 
content. The setting of parameters for lifestyle monitoring also indicates that users would rather wait for 
the technology to discover they needed assistance than encounter possible false alarms. This suggests 
that a foolproof telecare system, monitoring every situation may not be required and may result in a loss 
of dignity that may be detrimental to users. A modular system is therefore required that can change the 
level of monitoring required. For example, Table 3.26 indicates a possible three levelled system based 
on the findings of the user survey.
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Table 3.26: Possible modular community alarm system -  based on current user questionnaire
Level Description
One
Two
Three
Current community alarm system with generated speech for false alarms and a security system  
In addition to the above system automatic fall detection and lifestyle monitoring 
In addition to system two, telemedicine and video conferencing
A modular system is also suggested by the ways in which users found means of coping. Automatic drug 
dispensers have been suggested1249,2501 but users had their own methods for remembering when to take 
their medication. The use of automatic lights was also not seen as particularly beneficial as lamps or 
torches were placed next to beds. Financially contributing towards the cost of equipment and support 
services is important to many older people to maintain their core sense of independence1145'. Therefore, 
providing functions that the user feels are not required, even if provided without charge, may be 
detrimental.
Nevertheless, there were clearly people who could benefit from technology enhancements, yet they 
declined them. Automatic fall detection was declined by 21% of users who had fallen in the last year, 
65% of users welcomed lifestyle monitoring but only 55% of users who go outside of the scheme less 
than once a week welcomed it. This theme was observed several times, and perhaps because of a limited 
understanding these people rejected enhancements that could benefit them. If 2nd generation telecare 
systems are introduced such people must be targeted and informed of what the technology can do and the 
benefits they could derive from its use. However, if after discussion they still decline their views must 
be respected.
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There appears to be no published research on the thoughts of future potential community alarm users and 
the research conducted to address this issue revealed that they would welcome enhanced technology. 
Similar findings to the current users were observed for automatic fall detection, telemedicine and 
videoconferencing. The only significant deviation was for lifestyle monitoring where fewer potential 
users indicated they would definitely want it (65% compared to 41%). However, non of the remaining 
59% were against this monitoring. The acceptance of cameras throughout the home was also high with 
all participants indicating they would have at least one camera in their home. It has been suggested that 
the use of cameras is intrusive12691, yet the results from potential users indicates they would accept them. 
Intrusion may not be as significant as suggested for both current and potential users.
Another significant result was the amount people were prepared to pay for an enhanced community 
alarm if they needed one. Participants indicated an average of £925 as a one off equipment charge and 
£13.35 for weekly monitoring. The results from both user questionnaires indicate that people are 
receptive to technology enhancements if a benefit can be derived from it use. They are also willing to 
pay substantial amounts to ensure their well being.
Thornton and Mountain12731 have commented that there is little evidence of the views of service providers 
on technology with many unaware of the potential of community alarms. The findings from wardens and 
control centre staff would not necessarily agree with this statement, as both groups were receptive if they 
felt the community alarm user would benefit. Both groups welcomed the automatic detection of falls and 
lifestyle monitoring, while for telemedicine and videoconferencing these were not seen as beneficial. 
Indeed, the wardens suggested that telemedicine may be harmful if users relied on the equipment and did 
not seek medical attention because of it. Overall the service providers had a fair understanding of the 
people they provide a service too, with wardens finding it easier to judge the majority of the users 
responses.
It may be said that the views of users and providers are under researched. The findings from these 
questionnaires have attempted to understand and discover what users and providers desire. A clear 
message has resulted with automatic fall detection and lifestyle monitoring being key areas for future 
developments. Having identified some of the key areas, the technology requirements for these and other 
enhancements can now be investigated. Such an approach ensures that the systems envisaged are needs 
led and not technology driven.
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4  M e e t i n g  T h e  U s e r  R e q u i r e m e n t s
Chapter structure: In order to develop the present community alarm system and move to advanced or 2nd 
generation telecare systems an understanding o f the technological possibilities is required. This chapter 
therefore considers what technology is currently available and what may be available in the future. 
Based on this review and the findings o f Chapter 3, a target system for implementation within 15 years is 
defined.
In order to provide the monitoring functions suggested in the previous chapter, community alarm 
technology or 2nd generation telecare systems need to be developed. However, a key finding from the 
user questionnaire was that users were prepared to live with a degree of ‘risk’ and did not want 
technology to do everything for them or provide a completely safe environment. Smart homes could do 
too much as many functions are controlled by the home system. Closing curtains either automatically or 
via some form of control panel may be beneficial for mobility impaired people but in other 
circumstances this may be harmful. To some it may be another function they can no longer perform and 
may increase any feelings of depression. To others, although difficult, the exercise obtained from such 
tasks may be enabling them to stay in the community rather than entering residential care. Finding the 
correct balance so that assistive technologies actually assist and do not bring forward a move ‘up the care 
ladder’ is not currently understood, as many of the technologies required are not available. However, 
when developing the systems and technologies required in the future, appreciation must be given to need 
and a plug-and-play or modular system is essential to ensure that technologies can be added when they 
are needed.
From the preceding chapter it would appear that a 2nd generation system needs to detect situations that 
require investigation and automatically call for assistance if necessary. Ideally, the technology should 
not impose upon the user and therefore a system is required that does not rely on the user having to wear 
a device. In addition, reliable and easy to use home based medical monitoring is required to provide 
medical professionals with data that can be used in prevention. In the development of home based 
medical monitoring equipment Warren and Craft12741 identified three key areas where implementation is 
hampered by insufficient technology:
1. Messaging standards that are secure and allow patient identifiable medical information to be 
communicated both inside and outside of the home. (i.e. internally within a home network and 
externally to a medical professional.)
2. Information architectures that allow various suppliers equipment to communicate together.
3. Low cost plug-and-play medical devices that can be incorporated to match an individuals care needs.
In essence they are suggesting that standards are not in place to allow lifestyle and medical monitoring 
data to be effectively communicated, while the actual devices and sensors used to obtain the data are not 
readily available. In order to identify the areas where technology developments are necessary the 
ultimate purpose of the technology and the current state of the technology must be identified.
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4.1 The Target Telecare Aim
For the purposes of this investigation the target aim is a system that could be available in 10 to 15 years
time. The stated aim of such a system would be:
To reduce morbidity through the detection and prevention of the onset of ill health and to 
automatically detect when and where emergency situations have occurred raising an 
alarm if necessary.
In order to meet such an aim several areas can be identified:
1. The detection of emergency incidents both inside and outside of the home: Falls, intruders, physical 
abuse.
2. Continuous gathering of lifestyle monitoring data: Looking for deviations in the normal pattern of 
behaviour that could indicate areas of concern, i.e. the onset of dementia. This could be linked to 
some form of automatic Activities of Daily Living (ADL) assessment, providing information over a 
long time scale and alerting occupational therapists when reassessment may be beneficial.
3. Continuous measurement of medical data: For example ECG, breathing characteristics and any 
parameter that may be beneficial in detecting and preventing illness. Virtual consultations to be 
performed when necessary.
4. Predictive and preventive systems: For example, fall indices to suggest that a person may be at a 
high risk of falling and therefore suggest hip protectors should be worn.
5. Provide information to user: Medical conditions and treatments, bus timetables, benefit entitlements, 
etc.
6. Motivational aspects: Virtual neighbourhoods and interaction with other individuals, educational 
groups and entertainment systems.
7. Obtain provider information: When professionals interact with users details of the interaction should 
be stored for future analysis and checking. Thus, when carers are present the tasks they perform 
should be recorded along with the time they arrived and departed.
This implies that in the home environment an intelligent system is available which is capable of12751:
1. Receiving information from a number of sources, such as medical and environmental sensors.
2. Analysing this information.
3. Communicating both internally, for instance within a ‘smart’ home environment, and externally to 
provide access to the health-care and emergency services.
Current community alarm technology falls a long way short of this target aim, but the technology may
exist in other fields. It is therefore necessary to identify the technologies currently existent and those
being researched that may be available in the future.
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4.2 Technology Trends12
As indicated, telecare is an evolving area of research and development, with only a relatively small 
amount of research having previously been performed. However, research into other ‘tele’ disciplines 
has been more substantial. One such example is telepressence or telesurgery where remote human 
expertise is transferred via the communications network to a remote location12761. In the 1950’s this was 
termed ‘teleoperation’ and allowed hazardous materials to be handled safely at a distance while being 
monitored by television12771. More recently, it has allowed a surgeon to perform operations by 
controlling a robot many miles away. Such systems have performed open-heart surgery with greater 
precision than the human hand12781. The difficulty with such operations is that the surgeon cannot 
currently ‘feel’ what the robot is touching, however by 2015 it has been suggested that synthetic skin 
with all the tactile qualities of human skin will be available to address this deficiency12791.
The technology currently used in telecare and telemedicine projects was identified in Chapter 2. In order 
to meet the aim set out above the technology requirements can be identified under three headings as 
presented in Table 4.111541.
Table 4.1: Technology requirem ents f o r  an a dva n ced  health  a n d  com m unity care system
Technology area Comments___________________________________________________________________________
Personal At the personal level the role of the deployed technology is that of providing all the necessary
information about the user and of communicating this onwards within the system.
Applications at this level include the monitoring of a persons vital signs, for instance during 
the recovery period following discharge from hospital, the detection of falls and similar events, 
the monitoring of therapeutic systems such as drug dispensers and the control of embedded 
systems such as pacemakers and drug pumps.
Lifestyle Lifestyle technologies are concerned with the ability of an individual to function effectively
within their local environment including the home, their place of work and public areas such 
as stores. Lifestyle technologies therefore include:
■ Monitoring systems capable of building up a profile of behaviour and of detecting and 
responding to anomalies in that profile.
■ Environmental monitoring covering aspects such as temperature or air quality.
■ Security systems
■ Mobility and access support systems including wheelchairs and manipulators.
■ Dwelling design.
■ User interface design. This is a particularly important area given that a range of 
interfaces will be required covering a wide range of user capabilities.
■ Communications within the local community, for instance through the use of the internet 
to place people in contact with resources such as libraries or even to talk to their 
neighbours and to expand the range of social contacts available.
■ Local intelligence and decision making capabilities to control system operation.
■ Mobile communications systems such that when a user is within an appropriate 
environment: home, work or public, they are still connected to the system. Ultimately it is 
envisaged that the system would become fully mobile, for instance by using satellite 
technology, enabling all monitoring at the personal level to continue wherever the user 
might be.
‘Smart’ or ‘Friendly’ home technologies to support the operation of a wide range of devices. 
This would allow individual items of equipment, cookers, heating systems, therapeutic and 
physiotherapy equipment to be given individual internet addresses for remote communication 
and control.
Support At this level the technologies are concerned with ensuring that the user has access to the
support they require as and when they require it. The technologies are therefore concerned 
with the management of information to ensure that it is presented to the necessary agencies 
in as up to date form as possible as it is required. This implies some form of intelligent data 
filter to maintain privacy while still ensuring that the information required to generate the 
_____________________ appropriate response is supplied.___________________________________________________________
This section is based on: Brownsell SJ. Williams G. Bradley DA. Bragg R. Catlin P. Carlier J. “Future systems for 
remote health care.” Journal of Telemedicine and Telecare. 1999. 5:141-152.
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In order to satisfy these technology requirements developments are required in three areas:
1. Physiological and medical.
2. Lifestyle and security.
3. Environmental.
4.2.1 Physiological and medical
Though a great deal can be achieved in respect of lifestyle monitoring with systems based on passive 
infra-red sensors, such sensors do not respond directly to changes in an individual’s physical condition. 
For example, during the recovery period following a heart attack changes in cardiac function need to be 
detected and responded to directly rather than indirectly while patients with dementia, though capable of 
being supported by conventional sensors, would perhaps benefit from additional sensing to monitor their 
movements directly.
Chapter 3 suggested that individuals would be prepared to use a range of personal physiological and 
medical sensors to maintain their well being and enable earlier release from hospital. The early release 
of patients would also have the advantage of freeing hospital spaces, but is not possible at present 
because appropriate sensors are not available.
Table 4.2 identifies some of the sensors that may be considered for a personal monitoring system. 
However, many of these sensors are not currently available in a form which would make them suitable 
for a telecare application, and where they do exist they are generally too intrusive or cumbersome. Other 
sensors which are not included in this table and for which there would be significant application include 
those for the real-time analysis of blood chemistry, including levels of drugs, the provision of a warning 
of the possible onset of an epileptic seizure, breath and breathing analysis and motion analysis.
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Table 4.2: Exam ples o f  p h ysio log ica l an d  m edica l sen sors
Sensor type Function
ECG Pulse rate and variability
Photoplethysmograph Pulse rate and blood velocity, profile, blood oxygen content
Spirometer Respiration rate, peak flow, inhale/exhale ratio
Sphygmomanometer Blood pressure
Thermometer Basal temperature
Galvanic skin response Sweating
Colorimeter Pallor, throat inflammation
Pupilometer Light response
Accelerometer Fall and tremor
Polarimeter Blood glucose level
Stethoscope Heart and breathing sounds
In order to meet the target aim of continuous medical monitoring it is likely that a device must either be 
worn or implanted in a manner similar to a pacemaker. Fisk suggests that sensors that are worn or 
implanted under the skin are ‘secondary’ sensors while, sensors installed in or about the home are 
‘primary’1611. An example of the possible trends in worn ‘secondary’ sensors is the W ristC are  system 
developed by 1ST International12171 and sold through Vivatec12801 in the UK. 1ST suggest that this 
monitors the general physical activity of the wearer together with pulse rate and temperature. The 
resulting signals are analysed and compared with the so-called normal condition and automatic alarms
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are triggered by acute or major deviations12171. Other companies involved in medical research of this type 
were provided in Appendix A2.3.
Developments on implanted ‘secondary’ sensors are likely to be driven by biotechnology and 
nanotechnology. It has been suggested that biotechnology and implanted sensors will have a major 
impact on the delivery o f health care[281], through the delivery of new drugs and products for diagnosis 
and monitoring. Nanotechnology refers to the creation of systems and devices with dimensions in the 1 
to 100 nanometer range12821 and some have suggested it will radically transform computing, 
biotechnology, and medicine12831. Chip based systems incorporating power source, transmitter and 
receiver have been produced which can be injected into the body to measure body temperature12841 and 
blood gas constituents12851. Dixon suggests that the use o f secondary sensors will become widespread by
20101'411. However, Block12831 has said that ‘......biologists and nanotechnologists need to figure out how
nature’s machines work before trying to manipulate them or develop their own. ’ So although this area of 
research may yield valuable results in the future, such technology is not currently available or likely to be 
so in the immediate future.
The requirements for ‘secondary’ sensors suggest the deployment not only o f  microsystems technologies 
but also of novel materials to produce a new generation of sensors. There would also be a need to ensure 
that any such sensors were robust, highly reliable and, ideally, of sufficiently low cost to be used on a 
‘throw away’ basis.
A possible alternative to secondary sensors is the use of primary sensors to derive the same information. 
Such sensors could be used in a non-intrusive way as the measurement can be obtained without the user 
having to wear a device12861. A technology that may meet the requirements is thermography which is 
defined as the registration o f the distribution of human skin temperature12871. Any object above absolute 
zero radiates electromagnetic energy, the intensity of which is such that a human can be detected with 
standard infrared technology12861. Skin temperature dynamics measured by infrared thermography seems 
to reflect the overall condition of a human being, as well as the condition o f  several regulatory systems. 
The overall condition includes personality and emotional state, as contrasted to specific physiological 
function12881. In addition thermoregulation is a clinical value and results from dynamic 
telethermometry12891. Temperature changes are most easily observed in the thermoregulation regions: 
hands, feet and face and the result obtained depends mostly on peripheral blood flow dynamics. Factors 
that determine this blood flow can thus be investigated. Anbar has suggested that ‘.... provided 
appropriate hardware and software are available, infra-red telethermometry offers an utterly harmless, 
inexpensive diagnostic technique[2%9]’.
4.2.2 Lifestyle
Improving or enhancing the ability o f older people to live independently in their own home by providing 
improved security and by ensuring that they have ready access to assistance when needed is seen by 
many older individuals as a major factor in enhancing their quality o f life. As indicated in Table 4.1,
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lifestyle sensors-monitor behavioural patterns and changes in those patterns; for instance to detect a fall 
or a lack o f activity as well as supporting security systems and communications.
A lifestyle monitoring system would recognise that an individual had deviated from an established 
pattern of behaviour and would first check by asking the user if there was a problem, autonomously 
summoning assistance if no appropriate response was obtained. Lifestyle sensors therefore include 
functions such as room occupancy and use, together with behavioural monitoring covering the use o f  
appliances and security systems. While much could be achieved using currently available sensors for 
this purpose, the need is to integrate the data more effectively to achieve the necessary responses with 
minimum interference for the users.
For example, the Anchor Trust and BT lifestyle monitoring trial[108] looked for deviations from daily 
routines but did not link this with living habits. If, for instance, a person regularly went to bed at 21:00 
and on a particular occasion was still up at 22.30 then this would have triggered an unusual behaviour 
alert. However, several reasons may justify this behaviour and would indicate that no alert was needed. 
For instance, visitors could be present or the persons favourite television program, normally shown 
between 20:00 and 20:30, was moved to 22:00. In these examples, the system should have detected the 
presence of visitors or that the television program had moved, perhaps by using the video plus code 
unique to every program.
The example o f a ‘favourite’ television program moving its time slot requires the intelligent home system 
to recognise:
■  A certain program is normally watched.
■  That the program has moved from its normal time to a new time slot that must be identified.
■  That the person is moving after the time they would normally be in bed because they are watching 
their favourite program and not because they are unwell.
To move to this level o f monitoring from the relatively simple level performed in the Anchor Trust/BT 
trial requires a complete system approach together with Artificial Intelligence where the computer 
perceives, reasons and acts[290]. For a telecare system this could mean that habits o f a person are learnt 
and parameters altered according to received information. It has been suggested that a viable telecare 
system must ultimately make use of these techniques12911.
4.2.3 Environmental
Environmental sensing would cover factors such as the monitoring of room temperature and humidity 
and would integrate with lifestyle sensors to adjust room temperatures according to use. This integration 
would allow for the autonomous setting of the temperature of a shower, the time at which an electric 
blanket is to be turned on and off or ensuring that gas cookers are properly turned off after use.
Other aspects of environmental sensing may well overlap with physiological and medical sensing such as 
the provision of air quality indication for asthmatics or the detection o f carbon monoxide. As is the case
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with the other sensors considered, all environmental sensors would need to be robust and reliable and it 
is again envisaged that there is scope for significant novelty in the achievement o f low cost solutions to 
the problems raised.
As with lifestyle sensing, sensors currently exist such as, carbon monoxide detectors12921 or temperature 
sensors, which can be used as the basis for an environmental sensing system provided the problems of  
data management, analysis and security can be resolved. However, in other areas such as air quality 
there remains scope for improvement in sensor performance.
In addition to the sensor developments identified above there is also a requirement for technology 
developments in other areas as set out in the following sections.
4.2.4 System intelligence
The role o f system intelligence is that of analysing and interpreting information from a wide variety of  
sources and providing the control and operational support required. Chapter 3 indicated that users were 
prepared for information derived from the sensors to be stored. However, privacy and security of data 
are likely to be major elements in the acceptance of telecare systems and it is therefore essential that 
information leaving the users home is agreed.
If data is analysed locally then the parameters for an external call to a third party such as the control 
centre or a carer can be agreed with the user. However, if processing takes place remotely for instance at 
a control centre, then all o f the data must be forwarded. This second approach was used in the Anchor 
Trust/BT lifestyle monitoring project11081 where data was retrieved periodically, analysed and alarm calls 
generated where necessary. This involved significant additional telephone charges and required an 
additional telephone line to be provided to each user. It has been suggested a pound a day in telephone 
costs would not be an unreasonable charge as this may remove the need for hospital admission12931. 
Performing the processing in the home would effectively reduce the use of the telephone to emergencies 
only.
Regardless o f the financial position it is believed that there is also a duty of care to enable the emergency 
call to be generated as soon as possible. Batch or remote processing at the control centre introduces a 
delay as the home data may indicate an emergency situation but until this data is retrieved and processed 
no action can be taken. If the data were processed in real time in the home then such a delay would not 
be evident. In order to reduce telephone costs associated with the remote processing of data it has been 
suggested that data retrieval could be carried out less frequently during the night, perhaps only on three 
occasions12931. This presumes that ‘risk’ is reduced at night, however, evidence from the current user 
survey in Chapter 3 indicated that 77% regularly got out of bed at least once each night and on average 
they got up 2.2 times a night. It has been commented that about 20% of falls occur during the night12591 
and batch processing may therefore result in a person in need of help having to wait, perhaps for several 
hours, until the data is analysed and assistance provided. If the data were analysed locally the response
Chapter 4
87
would be much more immediate. The speed o f response can also be critical as a confusion, dehydration 
and pressure sores can start to develop from falls in as little as 30 minutes[1141.
Nevertheless, batch processing has advantages, particularly for the provider. Such a system requires less 
intelligence in the home and by implication less equipment, making maintenance easier and cheaper. 
However, there is still a need for the data gathering sensors and equipment in the home, which would be 
subject to failure and maintenance requirements. The greatest advantage of batch processing is the ease 
of modifying the processing protocols, particularly relevant when creating a workable system. Batch 
processing could provide analysis that is almost in real time if a dedicated telephone line was available 
solely for the telecare system. The choice of where to analyse the data then can be made on the basis o f 
system cost.
Remote system intelligence is likely to be a combination of both human and machine intelligence and is 
concerned both with the management of the flow o f data between the various external groups involved in 
care provision and the emergency services, and with the interpretation of that data. Thus, a district nurse 
could automatically receive an update of the user’s behaviour pattern and the results o f any physiological 
monitoring prior to a visit which may be either ‘real’ or ‘virtual’ using videoconferencing. Similarly, a 
GP might conduct a virtual consultation from their office and use the results to remotely adjust the drug 
dosage as delivered by a dispenser in the user’s home. The achievement of a system o f this form will 
require the breaking down of some of the barriers, both real and imagined, that currently exist between 
different agencies in order to support information sharing and the targeting of limited resources.
Expert systems could become commonplace to analyse data and aid experts, especially medical experts, 
in their diagnosis and call handling. Medical expert systems have been developed over recent years and 
CEMS -  Clinical Evaluation and Monitoring System12941 installed in a psychiatric hospital in Hartford, 
Connecticut has been successful in assisting doctors. CEMS generates an alert by comparing the 
information in its knowledge base (about medications, diagnoses, treatment protocols, and hospital 
procedures) to clinical data in the hospital information system. Clinicians can alter what they have 
prescribed or inform the system that CEMS’s advice has been noted but not implemented. In 72% of  
cases CEMS alerted clinicians as it felt treatment was incorrect, not all o f the alerts were responded to by 
the clinicians but a change in clinical practice was made in 15% of cases. In 49% of cases non-standard 
treatment was continued but only after entry o f the rationale for the decision and the medical directors 
review and approval o f this practice. Both clinicians and patients welcomed the system.
Diagnostic expert systems are also available on the Internet. CAPSULE is a programme designed to 
advise doctors on prescribing and was developed by the Imperial Cancer Research Fund. It is expected 
to be used in British surgeries by 2002 at the latest. In trials, decisions by doctors using the system were 
estimated to be 70% more accurate. It has been suggested that in some countries by 2010 it will be 
necessary for doctors to consult their computer before beginning a wide range of treatments11411.
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4.2.5 Communications
Effective communications are essential to achieving an effective system. Inside the home it is necessary 
for all suppliers to use compatible standards so that users can utilise a plug-an-play approach for the 
devices that best meet their requirements. However, as identified in Chapter 2 suppliers have tended to 
use their own communication standards, the ‘Convergence’ protocol which is a merger of BatiBus, EIB 
and EHS will hopefully address this problem11401.
In order to enable sensors to be installed in several rooms without the need for a hard-wired system 
wireless communication will be required. The 802.11 Local Area Network access standard is one such 
standard but it has been plagued with interoperability issues, poor data transfer rates and prohibitive 
costs12951. The Infra Red Development Association (IrDA) standard is another wireless standard that has 
been used in notebooks for sometime and supports a transfer rate of 4Mbps with 16Mbps under 
development. However IrDA only works up to distances o f 1 metre12951. An alternative could be 
Bluetooth which was developed by a group led by Ericsson and Intel, offering transmission speeds of  
721,000bps12961 over distances of 10 meters12951. Bluetooth is a radio frequency specification for short- 
range data transfer and with a range of 10m is likely to be acceptable for the majority of users homes. 
However, because it operates on an unlicensed band there may be some noise problems12951. TDK were 
the first to launch a Bluetooth device in July 2000 and suggested the combined network and Bluetooth 
PC card would connect other Bluetooth devices up to distances o f 100 meters12971.
The majority of community alarm and potential future telecare users currently have a Plain Old 
Telephone System (POTS)12981 connection from their home to the ‘outside world’. The transmission 
speed o f the fastest modem link on a POTS line is up to 56 kbps12991 and this is not sufficient for the 
requirements o f future telecare systems and videoconferencing in particular. In trials o f transmission 
speeds it was found that the difference in quality between 56 and 64kbps was substantial while 384kbps 
was recommend for videoconferencing13001. High transmission speeds are also desirable when sending 
still images which typically are 1Mbyte, a stress ECG which is 3Mbytes, or an EEG which is 15-40 
Mbytes11351. Table 4.3 indicates how long it would take to transmit a 15Mbyte file at varying 
transmission speeds11351.
Table 4.3: Transmission times through various telecommunications networks
Transmission speed Time
2 8 .8  kbDS 1 hour 3 0  m inutes
6 4  kbps 4 0  m inutes
2  M bps 1 .2 5  m inutes
10 M bps 15  seconds
Image compression could be used and for X-ray images would reduce the amount to be transmitted by a 
factor of 30:1 without significant loss of information13011. However, such techniques could only be used 
with store-and-forward and not real time videoconferencing. Therefore, in order to meet the 
videoconferencing aim of the target telecare system a minimum transmission speed of 64kbps is required 
with this ideally being set at 384kbps. Various technologies could be used to meet this requirement:
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1. Integrated Services Digital Network (ISDN) operates at 64Kbps and is already available. ISDN6, 
linking 6 ISDN’s together, would provide the sought after 384kbps.
2. TensorTech have developed software which can group 2 or more standard telephone lines together 
for transmission, therefore 2 POTS lines would provide up to 112kbps, while 4 would provide up to 
224kbpst302). The costs o f the telephone lines would be prohibitive at present.
3. Asymmetric Digital Subscriber Line (ADSL) transforms the POTS into a digital connection13031. By 
March 2001, 6 million households will have access to this with transfer rates between 512kbps and 
2Mbps. Costs are estimated to between £40 and £150 per month[304].
4. Norweb and Nortel have suggested that the mains socket will be the communication media of the 
future. This technology affords greater flexibility, as in theory any 3-pin socket can be used as a 
telephone point with a transmission rate o f up to 1000 kbps. Trials in the North West o f England 
began in April 1998 and if security issues could be resolved costs were estimated as a one off 
payment o f £100 and a fixed monthly charge for access to an Internet provider12" 1. Further details of  
this technology have not been forthcoming and it has been suggested that the security issues cannot 
be resolved at present13051.
Evidently there are various technologies that may be used to provide the necessary transmission speeds 
both inside and outside of the home. The possibility of using the Internet as a means of communication 
must also be explored. By incorporating a microprocessor with its own IP address in an appliance such 
as a washing machine, refrigerator or a central heating controller it could become possible to interrogate 
the refrigerator as to its contents or set the central heating from any internet site. Supported by 
appropriate access codes to ensure security, this would allow the user to make adjustments to their home 
environment as required or to update their shopping list.
Internet 2 is being developed by a group of more than 100 universities, mainly from the USA, and is 
likely to be 100 times faster than the current net. To increase the speed a new set o f nodes, called 
Gigapops (points of presence) is being developed and these offer sufficient routing and switching 
capacity for such multimedia applications as streaming video. Estimates suggest Internet 2 will be 
available sometime in 2000-200213061.
4.2.6 User Interface
One of the keys to an effective telecare system is a successful user interface. While it is clear from 
Chapter 3 that older people are not technophobes, they quite rightly dislike the thought that the 
technology is in control o f them rather than the other way round. The user interface is perhaps the 
primary way o f ensuring that the user retains the control that they seek. As the primary users of telecare 
systems are likely to be older or vulnerable people there is a need to cater for a large number of different 
user skills, manipulative abilities, dexterity, levels of vision and so forth. This suggests that there is not 
one single user interface, but rather a range interfaces that can be used to meet particular users 
requirements.
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Speech and vision are the most natural forms o f communication between humans and these are therefore 
obvious targets for an interface. At present the majority o f smart home or device controllers are 
controlled through a button and screen controller such as the SRS 100 (Merlin)13071 or Environmental 
Control Unit (ECU)[308]. These allow the user to call for help, turn electrical appliances on and off, make 
or receive telephone calls, and control entertainment devices such as TV’s, VCR’s and stereo equipment. 
Nevertheless, over recent decades speech technology has evolved so that it is now common place on 
many PC systems and could be the most appropriate interface for many. The majority o f the early work 
was performed on speech synthesis13091, or generated speech. These systems are so successful that 
research is now taking place on the variability o f output speech, for example the mood of speech13091. If 
speech is to be a viable medium for data input then accurate Automatic Speech Recognition (ASR) is 
essential. Despite several decades of research, accuracy much above 90% is only attained when the task 
is constrained in some way, for example only receiving numbers. For large-vocabulary speech 
recognition of different speakers accuracy is no greater than 87%[3101. In order for the system to be 
effective and accepted by users, it is likely that a figure close to 100% would be required. If ASR was 
sufficiently accurate it could be used to give verbal instruction along the lines of:
“I am going to see Mrs Jones at number 18. Please lock up the house. I expect to be back at 
about 10 o'clock".
This set o f commands could then trigger the following sequence o f events:
1. The system would check that it had all the relevant data for Mrs Jones such as address and telephone 
number. If there were a conflict the system would ask for clarification as appropriate.
2. The house would be locked and secured.
3. The system would check that all appliances were in a safe state, for instance that the cooker hob was 
turned off.
4. The temperature levels would be adjusted for energy saving.
5. If required to do so the system would, after an appropriate time, contact Mrs Jones to confirm arrival.
6. Prior to the anticipated time o f return the heating would be turned up.
7. If the occupant had not returned after a predetermined delay from the established time then Mrs Jones 
would be contacted automatically. The system could then be given a new arrival time or an 
indication that the person was on their way or had left some time ago.
8. If the delay in arriving home then fell outside defined limits, emergency action would be taken 
including a call for assistance, perhaps in the first instance to a warden in the case of sheltered 
housing or a nominated neighbour.
An alternative interface may be direct control o f devices by thought alone. Controlling a switch by the 
mind is already possible and needs no special training as the EEG electroencephalogram signals of the 
brain are detected. However, noise caused by the brain’s intense activity and by the presence of the scalp 
makes control o f numerous devices difficult. It has been suggested that by 2010 such brain pattern 
recognition software will be pre-installed on computers13111.
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Vision and display systems must be simple and adjustable to persons with different levels o f eyesight. 
Information provided should be as clear as possible and should be structured to guide the user through 
the required sequence of actions. Other forms o f interface include Braille systems, push buttons, 
physical and optical pointers, joysticks and so forth. Whatever form o f interface is chosen it must be 
suited to the needs of the particular individual for which it is intended.
4.2.7 Security and safety
Safety must be a primary requirement o f all systems and the definition of appropriate ‘fail safe’ 
conditions and system degradation paths will therefore be a feature of any implementation. Increased 
information raises questions of security in two aspects13121:
1. End-to-end communication -  ensuring accurate communication between computer 1 and computer 2
2. Access to communication -  ensuring the user of computer 1 is authorised to use it.
Ensuring that the control centre or GP has access to the data obtained from the user without others being 
able to access this could be achieved through cryptography. One o f the most common methods is the 
public-key encryption that was introduced by Diffie and Heilman in 1976. Each person has a private and 
a public key and messages are encrypted using the recipients public key. The message can only be 
decrypted using the recipients private key13131. Security is becoming so effective that government 
agencies are concerned they may not be able to monitor illegal activity13141.
Verification that the correct person is using the computer or terminal in the users home could be 
performed by various methods. Smart cards and passwords could be suitable methods but biometrics 
offers new solutions that are user friendly and secure. They work by inspecting the distinct biological 
features o f a person such as the fingerprints, hand geometry, voice recognition and iris recognition. Iris 
recognition has some advantages over the other biometric solutions in terms of speed, hardware 
simplicity and accuracy13151.
The possibility of using the human iris for identification purposes was first introduced by 
ophthalmologists who noted that the pattern of the iris remained unchanged in clinical photographs taken 
over several decades13161. As the iris is internal to the eye, it is difficult to change surgically, even if  
criminals considered this as an option. Security, with regards to error rates is extremely low with such 
systems, typically in the order of io*4013151. Hence, the system is difficult to cheat and when validating an 
eye the probability of recognising the wrong person is almost negligible. An alternative method could be 
to recognise the whole face and such systems are becoming available13171.
The advantage that both of these methods have is that much o f the technology will already be in the 
home. A camera will be present for virtual consultations and the virtual neighbourhood, some sort of 
computer will also be there to gather and/or analyse data and the computing power required for such 
security systems is not substantial. For example, a face recognition system by eTrue can compare 500 
faces per second on a Pentium 200MHz PC13181. There may therefore be little additional cost in using 
such methods as a security device. Access to the telecare system for GP’s and carers could therefore be
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secured, while users may also use one of these methods in order to gain access to their personal settings, 
perhaps when turning some monitoring function on or off. Evidence for the affect of users with cataracts 
on an iris recognition system was not forthcoming and trials may therefore be required to ensure that 
such users are not refused access.
4.3 Communication Barriers
Despite the considerable amounts of technology identified above, some of which are already available, it 
is surprising that community alarms have not significantly changed for many years1115,2061. However, the 
wishes of users have not been known, while many of the possible advances are likely to save money for 
the health service that rarely funds the community alarm system. Another reason may be that 
technological developments are likely to impact upon service delivery and until health, social services 
and housing organisations can work together, technological advances could be ineffective. It has been 
commented that telemedicine will impact upon every aspect o f health care delivery12761 and collaborative 
working between these organisations to date, has been poor. Barriers exist between the hospital and 
community occupational therapists11451, while the gulf between health and social services has been 
refereed to as the ‘Berlin W all’13191.
The example o f hospital discharge demonstrates these barriers with the House of Commons Health 
Committee suggesting that in 1995, 20% of all patients over the age o f 75 were waiting to be discharged 
and a third of these were waiting for a placement in a residential or nursing home13201. Barriers and 
communication difficulties are also evident within the three main organisations of health, social services 
and housing. For example, when a patient is discharged from hospital medical summaries should be sent 
to the GP but in one survey a third of GP’s thought they arrived too late to be of any use[32I). Discharge 
summaries should arrive within 1-2 days of discharge13221 with 90% of GP’s preferring they arrived 
within a day13231. In a study of discharge communications, 67% of charge nurses or sisters sent written 
information to the GP on the day of discharge13211. However, in a further study 11% of GP’s had 
received no communication from the hospital 2 months after discharge13241. The clarity of what is sent is 
also bought into question with a third of GP’s complaining that the writing on the discharge summary 
was ‘illegible’13251.
4.4 System modelling
The review o f technology reveals that achieving the stated aims for telecare could be a possibility in the 
future. However, in order for such a system to be successful it suggests that information within the 
health care delivery system must be more readily available and that the barriers between organisations 
are removed or reduced. In order to move forward from today’s first generation system incremental 
steps will be required that build upon previous system generations until the target system is reached. 
These incremental steps are required for the technology to be developed in a suitable format while it also 
allowing cultural, political and management infrastructures to be developed to gather and use the 
additional information such telecare systems provide. The community alarm technology in the present 
system has been described in Chapter 2. However, the required information system has yet to be
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formally defined and this is needed to form a base from which the impact o f future telecare systems can 
be developed.
One of the main tools for systems analysis and design is the data flow diagram (DFD). DFD’s show how 
input data is transformed to output results through a sequence of transformations. They are an integral 
part of a number of design methods and are an intuitive way of describing a system13261. The diagram 
shows the various processing elements in the system, the data flows between the processing elements and 
the major stores o f information within the system. In order to obtain more information each processing 
element can be decomposed onto further diagrams to indicate greater levels o f detail13271. In addition to 
the DFD, a context diagram indicates the system as a single process and shows how it interacts with the 
real world13281. As such it can be regarded as a high level DFD13291.
There are various notations and layouts for D FD’s such as MASCOT13301, or Gane and Sarson13311. 
However, Yourdon13321 is the most widely used notation in use today13281 and therefore is used throughout 
this work. The notation is defined in Table 4.4.
Table 4.4: The Yourdon notation used on DFD’s 
Flow of data Process Data store External devices
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4.5 DFD For The Current System
4.5.1 Context diagram
In order for a community alarm user to gain help they must first initiate a call for assistance. This can be 
achieved through activating a pullcord or radio triggered pendant, or by contacting the control centre 
through, the normal telephone system. This is depicted in Fig. 4.1 and it is noticeable that at the centre o f  
the system is the community alarm control centre. This relates to Table 3.10 in Chapter 3 indicating 
when a situation required attention, with the exception of contacting the GP, the majority of users would 
contact the control centre as opposed to contacting services directly themselves. It is also due to the 
control centre facilitating the interaction o f all parties involved once a call for assistance has been 
received. The control centre is therefore pivotal but it also is a bottle neck, as it does not provide 
assistance until a call is first received.
When the control centre has been called an operator can provide or facilitate the necessary assistance.
Primarily this involves emergency contacts, such as the ambulance service, warden or other responder if
the caller requires assistance. In other circumstances social services may be contacted if, for instance,
the caller is requesting a reassessment o f their care package. It is noticeable that there is little feedback
within the system. When the control centre operator has requested an ambulance, or informed a
responder that assistance is required, the only feedback is that of the operator informing the caller of the
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actions undertaken. After the attendance of the ambulance, warden or responder, no information is 
provided back into the system of the outcome. For example, if the caller requested an ambulance the 
control centre is not informed whether the user was taken or admitted to hospital or whether they have 
remained in their home.
Whenever a user makes personal contact with social services or emergency contacts this information is 
not relayed to the control centre. For example, if a care package begins or changes the control centre are 
unlikely to be informed, while admittance or discharge from hospital is unlikely to be registered by the 
control centre. Indeed in a 1997 survey of wardens attending the Charted Institute o f Housing sheltered 
housing conference, less than 10% indicated they were regularly informed or consulted about hospital 
discharge arrangements1161. Such information is particularly useful when the control centre contacts a GP 
or the ambulance service, which may seek to discover the status of the callers health and their medical 
history. Decisions may be made based on this information and at present the information relayed to 
these parties may be unreliable.
The only automated information flow is an equipment or warden call into the control centre. The 
equipment call is used to ensure that equipment is working correctly. For example, in sheltered housing 
schemes the main equipment will often automatically call the control centre every 25 hours if it has not 
been used within this period12401. The warden call again originates from sheltered housing schemes and is 
an automated call to the control centre informing the system when the warden is on/off duty. These calls 
occur without any involvement from the control centre operator and occur without their knowledge.
Equipment checks for the community alarm equipment installed in users homes is normally the 
responsibility of the user with some providers suggesting that the user should activate their alarm and 
speak to the control centre every month12401. Such a call therefore requires the involvement of the 
operator but many users ignore or forget to do this, as indicated by the current user survey in Chapter 3 
only 54% of users had activated their alarm in the previous year.
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Figure 4.1: Context diagram for the present system
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4.5.2 Data flow diagrams
The overall structure o f the community alarm system is represented in Fig. 4.2. The system commences 
with a community alarm being installed in a users home and upon activation the destination of the call 
varies upon the location of the user. If the users are dispersed within the community then the call will go 
directly to the control centre. However, if the users are located in sheltered housing, the call will first go 
to the server on the scheme. If the warden is on duty then they will receive the call, in some 
circumstances the warden may be unable to answer and if the call is not answered within a given time 
period, often 5 minutes, then the control centre will be called as a default. If the warden responds, no 
information of the wardens activities are recorded within the system, nor that the alarm was activated. It 
is also possible that users will not use the community alarm, but rather use the telephone to contact the 
control centre; such calls are rare and normally relate to requests for information.
When an alarm call is observed at the control centre the equipment there will decide upon the nature of 
the call. If the call is an automatic call, such as the equipment or warden log then this will be dealt with 
by the system. If the call is from a community alarm the operator will be informed that their assistance is 
required. After discussion with the caller they can then facilitate action with other services, such as the 
emergency services, or end the call if  it was a test call or activated by mistake. The system is completed 
by recording where the call originated from and what actions the operator took.
log call
Call history 
and action
Figure 4.2: The overall community alarm structure (level 0)
Process 1: ‘Community alarm installed’
Fig: 4.3 provides further detail of the first process ‘community alarm installed’. Acquirement of a 
community alarm will often begin with the potential user becoming aware o f the benefits of the alarm 
system and seeking further information. Awareness may originate from:
■  Relatives, friends, wardens or neighbours who currently use the alarm or are aware of its benefits.
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■  Self awareness, through advertisements in the press or by contacting social services for an 
assessment.
■  Hospitals, who may advice as part o f the discharge process.
Having gained an awareness of the community alarm system procurement can be made through several
routes:
1. As part o f a social services assessment it may be recommended that a community alarm would be 
beneficial. As such, procurement through this route is eligible to means testing which may result in 
obtaining one without charge.
2. Charities may assist people and provide the alarm. Charges for such an option vary from free to the 
full price depending on the charity and procedures in place.
3. The potential user, family or friend may procure the alarm through a private purchase.
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Figure 4.3: Process 1 ‘Community alarm installed’ (at level 1)
In addition an alarm may be acquired because it is a permanent fixture in a sheltered housing scheme. It 
is normal practice for the installation to be organised and performed by staff at the community alarm 
control centre and as part o f the installation process a user survey would be performed to obtain 
background information12401. Such information would typically include:
■  Long term medication -  particular medication used over an extended period.
■  Medical history -  such as heart complaint, osteoporosis etc.
■  Next of kin and responders -  people to contact if the user requires assistance.
■  Key holder -  indicates who has a key to the property that may therefore alleviate the need to force 
entry in an emergency.
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Having performed the user survey and connected the community alarm it is then tested. This test 
involves activating the pendant or a pullcord if appropriate and speaking to the control centre to 
familiarise the user with the operation. As previously discussed, upon activation of the alarm the 
telephone system is utilised to connect the warden server or dispersed community alarm to the control 
centre. Having successfully completed the installation the alarm is now fully operational and can be 
activated when assistance is required.
P rocess 2: ‘C ontrol cen tre com pu ter sy s te m ’
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Figure 4.4: P rocess 2 ‘C ontrol cen tre com pu ter s y s te m ’ (a t level 1)
The control centre computer system receives inputs from a range of sources. Process 2.2 on Fig. 4.4 
indicates that the information obtained during the user survey in process 1.7 is entered into the computer 
system, while the other inputs are from users, either by the telephone or community alarm. As 
previously indicated, information from hospital discharge, GP’s and social services is not provided to the 
control centre computer system.
Process 2.1 generates various outputs; the user survey information entered into the computer system is 
recorded for future use, while process 2.1 will determine whether an operator is required and if necessary 
retrieve the callers details from the client database as an input for process 3. Alternatively, if it is an 
automatic call, the system can respond without the operator being involved. Automatic warden calls, 
indicating a warden logging on and off duty, are stored for monitoring and accountability purposes, such
as monitoring the hours a warden works. While equipment calls are performed in process 2.4. Sheltered
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housing schemes will contact the control centre, typically every 25 hours, with these calls being recorded 
in the log report database. Periodically process 2.4 will analyse this database and generate a fault report 
for any sheltered housing scheme servers which have failed to contact the control centre within the 25 
hour period.
Process 3: ‘Ascertain nature o f call’
When an operator is required the caller will be identified by Caller Line Identification (CLI) and a screen 
similar to Fig. 4.5 will result.
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Figure 4.5: A typical operator screen''
The bottom of the screen maintains a list of calls which are waiting to be answered. When an operator 
answers a call, the callers details are retrieved from the database and displayed. The only information 
obtained from the community alarm is the fact it has been activated, calls are therefore answered on a 
First In First Out (FIFO) basis. For fire alarms the call icon is different and allows priority in this 
instance. The information retrieved from the community alarm database and displayed for the operator 
relates to:
■ Client -  personal details, name, address, doctor, warden etc.
■ Responders -  a list of the people and their contact details who have acknowledged they will respond 
in an emergency.
■ Services -  any community care package the caller may be receiving.
Typical control centre screen of a Pentyre/TeleLarm CareControl system.
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■  Scheme -  contains details of the community alarm equipment of the caller and sheltered housing 
scheme equipment if relevant.
■ Static -  is used by managers to provide information on calls, client age analysis etc.
The section at the bottom right hand corner of Fig. 4.5 allows the operator to control the communication 
link to the caller. The close button ends a call, while the hold button will place the caller on hold. The 
two buttons ‘LISTEN’ and ‘PTT’ (Press To Talk) are used with half duplex communication, when only 
one party can talk at any one time. Full-duplex communication, similar to a telephone conversation, is 
becoming more widespread with new technology such as the Horizon unit supplied by TeleLarm13331 
(Fig. 3.7).
The buttons at the top of the screen relate to:
■ History -  indicates previous calls made by the current caller, any health history and comments 
entered by operators after previous calls have ended.
■ Phone -  is a directory of telephone numbers that the operator may call to assist them.
■ WSO -  Work Service Order, contains the job numbers for repairs.
■ Warden -  details of the warden and scheme, planed leave, contact details, scheme television licences 
etc.
■ Faults -  any technical faults are logged and a record kept.
■ Notes -  similar to a notebook for general notes.
■ Pseudo -  search facility for obtaining details of particular users or clients.
■ Log off -  used when an operator logs off at the end of their shift.
When the above screen is displayed, operators can ascertain the nature of the call. Because no 
information is provided with the alarm, this information must be derived by verbal communication with 
the caller. In some circumstances, such as people with speech disorders like dysarthria, communication 
can be problematic. It therefore requires a skilled operator to quickly converse with the caller in order to 
accurately determine the requirements of the caller. Having gained the necessary information in 
consultation with the caller, the appropriate action can be agreed.
P rocess  4: ‘C on tact a p propria te  serv ice  ’
Having obtained the necessary information and decided that external assistance is required, the particular 
organisation must be identified. As indicated in process 3 anyone on the telephone system can be 
contacted but the main organisations are identified in Fig. 4.6.
If communication with social services is required then they can be contacted and information provided to 
the caller. Such calls primarily relate to a request for an assessment of the callers care package, in this 
case social services are informed and the responsibility for action transfers to them. Alternatively, 
contact with social services will be sought to investigate the current care package. This is more common 
at holiday periods and after a caller’s care package has changed. These calls will often concern the 
arrival of a carer or nurse and the caller is seeking conformation of when they can expect their visit. 
Social services can confirm the current care arrangements and these can be relayed to the caller.
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Figure 4.6: P rocess  4  ‘C on tact a p p ro p ria te  s e r v ic e ’ (a t level 1)
The most common cause of action undertaken by operators is to contact the warden, family members, 
carers or responders because the caller needs assistance. Requests may be that the caller has misplaced 
their glasses or is feeling a little unwell and it would be inappropriate to send formal support services. 
The operator will contact the warden, responder etc. and inform the caller that assistance will soon arrive.
When it is decided that the emergency services are needed the operator will contact the police or 
ambulance station nearest to the caller and identified by the computer system. If the fire brigade is 
required then a normal 999 call is used. Again after providing the information to the emergency service, 
the outcome is reported to the caller.
If medical attention is required then, based on the information provided by the caller, the operator will 
decide whether a GP or the ambulance service should be contacted. It would be unusual if the operator 
had any formal medical training and therefore it would seem likely that the ambulance service is 
contacted when in fact a doctor would be more suitable. If the GP is contacted they will then decide on
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the appropriate cause of action. In some circumstance the GP will be contacted for information, perhaps 
because the caller had forgotten their appointment time, or were unsure when to take medication. After 
agreement has been reached with the GP the information is relayed to the caller.
P rocess  5: ‘C lose c a l l ’
When the operator has dealt with a call the caller will be informed and the call closed. The call centre 
equipment provided by TeleLarm or Jontek, for example, will not allow a call to be closed until the 
operator enters what action was taken. This information is then used for accountability purposes and 
management analysis. With such systems the operator must choose from a list of options such as; pulled 
in error, GP contacted, responder contacted etc. and additional space is provided for any comments that 
may be necessary for example, ‘.... respon d er contacted , w ill ca ll a fter  w ork  ....’. When the necessary 
information has been entered it is time and date stamped and stored for future reference.
4.6 Government Plans
Since the present government came into office in May 1997 it has sought to ‘.... m odern ise the NH S ....’ 
and published an information strategy for the period 1998-200513341. The purpose of this is to ensure that 
information is used to help patients receive the best possible care. The strategy seeks to enable NHS 
professionals to have the information they need both to provide that care and to improve health. It also 
aims to ensure that patients and carers have access to information to aid them in decisions about their 
own treatment and care. To achieve these objectives, the strategy commits to[334]:
■ Electronic health records (EHR) often refereed to as Electronic Patient Records (EPR).
■ On-line clinician access to patient records and information about clinical practice.
■ Seamless care for patients through GPs, hospitals and community services sharing information 
across the NHS information highway.
■ Public access to information and care through on-line information services.
■ Provide NHS health planners and managers with the information they need.
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The government recognises that the information strategy will also impact upon service delivery, for 
example1334':
■ Opportunities in the field of telemedicine will be seized to remove distance from healthcare. GPs 
will be able to send readings or images to hospital specialists many miles away and in the same way 
receive results and advice more quickly. Nurse practitioners in the community will be able to consult 
with doctors and specialists.
■ Telecare technology will be used to provide reliable but unobtrusive supervision of vulnerable 
people who want to sustain an independent life in their own home. Video links with electronic 
monitoring will allow community health and social care workers to ‘visit’ patients at home more 
easily.
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■  On-line services will be provided for GPs and their patients to make hospital appointments or obtain 
diagnostic results. The sight of NHS professionals searching through folders or hand-writing 
referrals will be consigned to history as soon as possible.
In order to achieve the government’s information strategy, one of the keys may be considered the 
Electronic Patient Record (EPR). This will provide a single resource for patient information on all 
interactions with health professionals and save time for nurses and doctors who currently spend 25% of 
their time gathering or using information1335'. The information barriers between health and social 
services are acknowledged by government who have commented that the ‘.... concern and fru stra tion  
ex pressed  ab ou t the n eed  f o r  m utual a ccess  to  p a tien t/c lien t reco rd s  b y  health  and  socia l care  
p rofession a ls  n eeds to be determ in ed  and a g re e d  urgently ...,[3341’. It is planned that the on-line patient 
records will be accessible by family doctors, hospitals, NHS Direct, out of hours and ambulance services, 
mental health trusts and social services1336’.
In 1995 a messaging network, called NHSnet, was created’337’ and it is envisaged that this network would 
provide secure, reliable and fast access for the information strategy although it currently does not have 
the capacity for high speed video connections’338’. The government white paper ‘The N ew  N H S’ has 
suggested that all general practices will be connected to NHSnet, by the year 2002’228’. By March 2001, 
95% of practices will have access with the remaining being connected by March 20021339’.
The specific modernisation programme and time scales are reproduced in Appendix A4.1.
In addition, in July 2000 the Government published the NHS National Plan’340’ with one of the main 
considerations being the bringing together of the health service and social services. Incentive payments 
to local authorities, health authorities and primary care centres are to be made to reward joint working. 
However, where local health and social care agencies have failed to work together effectively the 
government will ‘take powers to establish integrated arrangements’. Some of the key indicators of 
performance have been acknowledged as:
■ Reductions in bed blocking by older people.
■ Reductions in preventable emergency admissions.
■ Readmission of older people.
■ Readmission of people with mental health problems.
Clearly the government are seeking to bring down the barriers between agencies and stimulate 
collaboration. However, where voluntary collaboration is not evident it appears that it will be enforced.
4.7 Conclusions
The questionnaires in Chapter 3 and recent technology developments by community alarm providers 
have indicated that the present community alarm system must develop. However, it is important that the 
developments actually assist rather than hinder the user and, as such, smart home technologies may be 
inappropriate for many. A plug-and-play or modular system is required that allows equipment from
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various suppliers to work effectively together to meet any particular individual’s needs. However, 
communication standards are not in place at present to enable this while the sensors required to gather 
data are also not available or in a suitable format to be used effectively.
Nevertheless, a review of technology in other fields has indicated that much of the basic technology 
exists, even if it is not in a suitable format at present. Medical monitoring equipment such as ECG 
recording are available and although at present they require the user to wear the equipment, 
developments could result in effective home based monitoring. Nanotechnology and implanted sensors 
could meet the target telecare aim of continuous monitoring without the user having to wear a device 
externally. Speech recognition technologies continue to develop and are likely to provide a suitable user 
interface over the coming years.
The major hindrance to the development of future telecare systems may not be in respect to the 
technology but rather in the combined working of organisations that such systems prescribe. The 
barriers between health, social services and housing have been recognised but telecare systems will 
require these organisations to work together. The formal analysis of the present system clearly identified 
that the present system has little collaboration between providers and that information obtained by one 
party is not provided for the benefit of others. There is therefore the real possibility that decisions are 
made on inaccurate information. The governments IT strategy has commented that technology can be 
used to promote new and more efficient ways of working, delivering services across traditional 
organisational boundaries13341. However, breaking down the barriers between organisations and 
professionals could be difficult.
In June 2000, the then health secretary Alan Milbum commented that ‘.... m o d em  health  care  depends  
on m odern  IT  system s .. ..l3391\  Based on a review of the technology and incorporating the government’s 
IT strategy it is possible to define the new systems and suggest the steps required to meet the target aims 
of telecare. Chapter 5 therefore suggests these steps both in terms of the information flows and 
technologies required.
Chapter 4
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5  D e f in i n g  T e l e c a r e  S y s t e m s
Chapter 5
C h a p ter  s tru c tu re: In o rder  to ach ieve the g o a ls  o f  the ta rg e t system , stepp in g  ston e system s a re  
requ ired  that bridge the gap. This ch ap ter therefore defines tw o  system s in term s o f  the technology  
requ ired  an d  how  it shou ld  interact, but a lso  the im pact that the system s m ay have on the inform ation  
f lo w s  betw een  variou s organ isations. F inally the ta rg e t system  is fu lly  d e scr ib ed  a n d  analysed, 
prov id in g  a  fra m ew o rk  f o r  developm en t f o r  the next 15 years.
In Chapter 2, the 3 generations of telecare as defined by Doughty e t a l[l66] were discussed and it was 
indicated that only 1st generation systems were currently available. It was suggested that the 2nd 
generation system would include some form of monitoring and system intelligence and efforts have been 
made in this direction with the work by Anchor/BT, 1ST and TiH. However, it is still not possible to 
purchase a 2nd generation telecare system indeed, little has been done to actually define the components 
that contribute to such systems. A review of the literature revealed that only one suggestion was evident, 
with this being relatively vague. It is reproduced in Fig. 5.1134’1.
Enabling technology System
Timeframe* 
for implementation
approx 2020+
approx 2010+
approx 2005
Now
•Highly contingent on resource, user acceptance, maturity of technologies, and housing quality
Figure 5.1 P reviou s su ggestion s o f  a d va n ced  te leca re  system s
In order to move from the current position to more sophisticated and beneficial systems, a clearer 
direction and system specification is required. The preceding chapters have laid the foundation for such 
a specification. Chapter 3 has indicated the requirements of users and providers while Chapters 2 and 4 
suggest the technology developments required and indicated possible time scales. Chapter 4 also 
indicated that the information flows of future systems are as equally important as the technology used. 
From this base new generations of telecare can be defined, working towards the target telecare system 
which could be available in 10-15 years.
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In order to correctly define the new telecare generations a formal procedure is required:
■ Requirements definition: this is written in natural language and describes what the system is 
expected to provide1342'.
■ Functional requirements: these relate to system behaviour, they describe what the systems do, how 
they do it and how they respond to deviations from anticipated behaviour'3431.
In addition to these a context diagram using the Yourdon notation, identified in Chapter 4, will again be 
used to define the information flows with external organisations.
5.1 2nd Generation System
5.1.1 Requirements definition for the 2nd generation telecare system
A 2nd generation system builds upon the present 1st generation or community alarm system. It is a 
system that provides greater support and monitoring and removes the constraint of the user having to 
initiate a call for assistance. Automatic call generation and monitoring is provided through a number of 
new technologies, such as drug dispensers, automatic fall detection, or lifestyle monitoring. Each of the 
technologies included in the 2nd generation system can be provided on an individual basis such that a user 
may have a fall detection unit without a drug dispenser or lifestyle monitoring. The system is therefore 
truly plug-and-play or modular. The intended users are the present community alarm users, while 
modules of the system may also benefit people in institutional care, such as residential or nursing homes.
User information is currently distributed across many service providers. In the 2nd generation system this 
information is grouped together into an EPR (Electronic Patient Record). The information from health, 
housing and social services is maintained in one place, however access to the information is on a need to 
know basis. Therefore, if a carer accesses the EPR, only information relevant to them will be available, 
whereas a doctor would have access to medical information from the hospital and general practise. Due 
to the additional monitoring in the users home, the information gathered by the lifestyle monitoring 
modules etc. is stored for future analysis and is also used to alert healthcare and other professionals of 
situations that need further investigation. Current users looked upon this option favourably as identified 
in Chapter 3.
Assistance with medication can be provided, including prompting users to take their medication if they 
forget. Early detection of general medical problems can be recognised through medical monitoring 
equipment and any identified problems automatically routed to a medical professional for examination.
The home also becomes a safer environment in terms of the appliances used and the detection of 
emergency situations, such as a fall, fire or the presence of intruders. The system automatically calls for 
assistance when pre-defined conditions arise and a clearer, improved communication link between the 
user and control centre operator should be maintained with full-duplex speech. Access to the Internet or 
virtual neighbourhoods should be available for people with health or mobility problems if it is thought 
that such access could be beneficial.
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In summary, any advanced system needs to provide access to more information of greater accuracy and 
relevance and should make this information available in a controlled manner. The home environment 
needs to provide stimulation, motivation, medical support including some diagnostic capability, 
independence and security with a greater quality of care. The majority of users should view any 
equipment in the home as non-intrusive and it is suggested that a suitable time scale for the 
implementation of this system would be by 2003 to 2005, although particular modules of the system may 
be available prior to this. This time scale is based on the Governments IT strategy, the current status and 
the likely developments, in technology and the possible take-up of the system by users and providers.
Chapter 5
5.1.2 Functional requirements for the 2nd generation telecare system
Function ■ Support independent living.
■ Support next-generation community healthcare systems.
■ Support the deployment of enhanced sensors.
■ Support the use of machine based intelligence in the provision of community healthcare 
services.
■ Support inter-agency communication and data transfer.
■ Integrate automatically generated alarms with the operation of control centres.
■ Prioritise calls and provide enhanced decision support for control centre operators.
■ Provide enhanced m anagem ent information features.
Major Fall detection.
System
Elements Fire detection.
Lifestyle monitoring. 
Security.
Gas detection.
W ater detection. 
Temperature analysis. 
Drug dispenser.
Medical monitoring.
Incontinence monitoring.
Virtual consultations/neighbourhood. 
Intelligent Hom e Alarm System (IHAS). 
G P surgery.
EPR.
Control centre.
Hospital health services.
Module Fall detection.
Process If a fall occurs anywhere in the home this should be detected. If another person is present then both 
they and the person who has fallen should be informed that the control centre will be contacted 
unless a cancellation is received. The cancellation time should be based on the mobility and distance 
to which the user must travel to cancel the call. If no cancellation is received the control centre 
should be contacted. Cancellation can also be achieved by activating the users pullcords or pendant, 
but the cancellation time should be based on the possible distance to travel from the incident to the 
control box due to the high percentage of users who do not wear their pendants.
If the person who has fallen lives in the home the incident should be recorded in the users EPR if 
consent has be given. If the call is received at the control centre the operator will then record what 
actions were taken.
The detection of a fall must only occur for an adult and not a young child who may be visiting their 
grandparents. Also a user lying on the floor, perhaps because of a  back complaint, should not be 
recognised as a  fall.
If a  particular individual falls several times within a few days, regardless of the control centre being
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called, then their GP should be contacted and the reason for this investigated.
User falling. User cancellation.
Inform the user that a fall has been detected. Inform the control centre if no cancellation is received. 
Store event and response in the EPR.
Unable to test the components of the module and validate any potential problems. Unable to detect a 
fall in all/any part of the home. Unable to communicate with the IHAS.
The module must be given a period of time to resolve itself. If after this time the fault still exists the 
user should be informed through the IHAS. The user should only be informed if it is recognised that 
the user is not asleep in bed, that guests are not present and that at least one able user is in the 
home (i.e. if the user is severely disabled the system should only be informed when another adult is 
present). If the fault continues to exist a fault report should be generated, the control centre 
contacted and the users informed.
Fall detection units are available from TeleLarm 12921, Vivatec12801 and Tunstall12231 in the form of a 
device that must be worn by the user. Results from field trials have not been published and it is 
unclear how successful such devices are. They also suffer from the constraint that the user must 
wear the device and, as identified with pendants, users are often reluctant to wear them.
The use of a video cam era and Mpeg graba card would allow individual snap shots in time to be 
gathered and compared. If this was done, perhaps once a second, then the motion of a fall could be 
detected. How effective such a solution would be is unknown, while the ability of a single camera to 
work effectively in large rooms is questionable. It is also unknown how intrusive, and therefore 
acceptable, current users would view such a development.
Acoustic signature is a further possibility, where the sound of the fall is detected; however it appears 
that such a technique has yet to be formally trialed.
Fire detection.
If a fire is detected in the home, anyone present should be informed and time given to cancel a call to 
the control centre. If the call is cancelled then fire readings from this room should be ignored for a 
period of time sufficient for any smoke or excessive heat to clear. Readings from other rooms should 
continue to generate alarms. If the control centre is contacted then they should be informed of the 
fire and in which room the fire was first detected.
Smoke or heat indicative of a fire. User cancellation.
Inform users of the fire defaulting to the control centre.
Unable to test the components of the module and validate any potential problems. Unable to detect a 
fire in all/any part of the home. Unable to communicate with the IHAS.
The exception response is the same as that identified for the fall detection module.
Sensors are commercially available to detect both smoke and heat, although their reliability and the 
number of false alarms may need to be addressed.
The use of a  video cam era could enable the detection of smoke and has been used in power plants, 
however their application in general properties does not appear to have been researched.
Lifestyle monitoring.
Movements within each room should be recognised so it is known which room a  user is in. W here  
two or more users live in the home the movements and recognition of each should be identified so 
that activities concerning each user can be recorded accurately.
W hen an identified user enters a room the time being spent in that room should be compared with 
agreed and defined times. For example, the bathroom may have a defined maximum time of 2 hours.
If a user is in the bathroom in excess of the 2 hours then an alarm should be raised. The user should 
be informed that a potential problem has been recognised and be asked to clarify the situation. If the
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uspr does not respond and cancel the call, the control centre should be contacted. The defined 
maximum times for each room should be agreed for each user in the home. The module should 
monitor the living patterns of users and automatically tailor the maximum room times for the user.
The module should also detect and record when the user has gone to bed. This can be calculated 
from recognising that the user is in the bedroom and if no motion is detected for 15 minutes, it can be 
assumed that the user is in bed. It is recognised that the user may be reading in bed, but no 
provision for detecting this is provided in the 2nd generation system. Having identified when a user is 
in bed the amount of sleep during the night or afternoon can be identified and recorded. The number 
of times the user may get up during the night can also be identified and a record kept in the EPR. 
The sleeping patterns of users can be useful to doctors but consent must be obtained before such 
details are stored. In order to be efficient it may be appropriate to keep a rolling record where 
perhaps the last 6 weeks of data is kept.
The Lifestyle monitoring module can also be used to generate a ‘bed’ and ‘morning time’. These are 
the expected times a user would go to bed at night and get up in the morning. Significant deviations 
can then be investigated, for example if the person is bed 2 hours after they would normally be 
moving in the morning then this should generate an alert as it may indicate the user is unwell. The 
module must be flexible to adjust these bed and morning times based on changes in the behaviour 
patterns of the user. It must also work on a daily basis for example a user may change their normal 
pattern on specific days. The module must also be easily overridden if the user anticipates that they 
will not follow their normal pattern on a specific day, for example if they plan to rest in the morning. In 
addition the module should provide the capability for a  ‘wake-up’ call, where at a specified morning 
time an alarm can be raised to wake the person if requested.
If the fall detection module is not installed, or as a backup, the lifestyle monitoring module should also 
be used to detect falls. For example, if it is known that a user spends a maximum of 3 hours in the 
living room without movement being detected then if the user has fallen and motionless for this period 
of time the module will generate an alarm.
Inputs
Outputs
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This module can also be used in conjunction with the majority of the other modules. For example, 
with fire detection if no one in the home then the control centre can be informed immediately, rather 
than raising and alarm and waiting for a cancellation response which would never occur. The 
operator can also inform the fire brigade that the property is empty. Alternatively, if movement is 
detected the operator can communicate with the occupant(s), informing them that the fire brigade has 
been contacted and to leave the building, closing doors and windows where possible.
Any movement in the home. User cancellation. Tim e of day (system clock) and ‘bed/morning time’. 
Inform the user when they have been in one room for an excessive time defaulting to the control 
centre. Alter ‘normal’ or expected pattern of behaviour, i.e. the ‘bed/morning tim e’ or maximum time 
allowed without movement in a given room.
Unable to test the components of the module and validate any potential problems. Unable to detect 
the movement anywhere in the home. Unable to recognise which room movement has occurred in. 
Unable to communicate with the IHAS.
The exception response is the sam e as that identified for the fall detection module.
The potential of lifestyle monitoring has been highlighted in the Anchor Trust/BT trial"081. However, 
this trial did not provide the processing necessary to alter the maximum times in given rooms. It was 
also not possible to detect situations where two or more individuals lived together. In order to 
achieve this with the use of P IR ’s used in the Anchor Trust/BT trial it would be necessary for users to 
wear an electronic tag to differentiate from one another. A tag would also be required with moving 
pets, such as a cat or dog, to differentiate between the movements of the user and a pet.
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Acoustic signature may be a possibility but research would be needed to analyse how effective this 
would be.
Module Security.
Process A panic button near to points of access should be available for occasions where intruders have forced 
their way in. Once activated the control centre should be informed and the police contacted if 
necessary. Once the operator has contacted the police, or if conformation is required from the home, 
the operator can communicate with the user. If the control centre operator recognises an intruder is 
present they should activate an alarm in the home informing the occupant that the police are 
responding. The operator should cancel this alarm once the intruder has left. Once the security 
alarm is activated no cancellation is provided to ensure that intruders do not cancel the call.
Access to a  users EPR for carers, home helps, nurses and G P ’s to enable them to record the time 
they arrived and departed should be provided. They should also enter details of the activates they 
undertook. In order to gain access to the EPR, verification of the individual requesting access should 
be sought.
Inputs
If both the lifestyle monitoring and security modules are present then if no one is in the home and 
movement is detected without access through the front or back door the control centre should be 
immediately contacted as this is likely to be a burglar.
Intruder alarm activation. Carer, home help, nurse or G P  request access to EPR. In combination 
with the lifestyle monitoring module, the home being empty but activity being recognised at points 
other than the front or back door.
Outputs 
Major error
Access to EPR. Security alert to control centre.
Unable to test the components of the module and validate any potential problems. Unable to 
communicate with the lifestyle monitoring module (if installed). Unable to validate carer, home help, 
nurse or GP. Unable to communicate with the IHAS.
Exception
Current
The exception response is the sam e as that identified for the fall detection module.
Intruder switches at entry doors are common on current burglar alarms. Recognition of carers, home
status helps, nurses and G P ’s could be achieved through a smart card or thumb print recognition. It is now 
possible to buy a mouse that will use the user’s thumb print to recognise the user and therefore only 
allow specified users access to a computer, current costs are approximately £100 l344!. A further 
option would include the possibility of iris recognition and if video cameras were already present due 
to the requirements of other modules, this may represent a cost-effective method.
Module Gas detection.
Process The level of gas in rooms should be monitored so that when above a critical level the user is alerted 
and informed. If the level of gas reaches a dangerous level then the gas supply should be 
terminated. This should be recorded in the EPR and if a pattern is recognised social services can 
assist.
Inputs 
Outputs 
Major error
W hen the gas supply is terminated the users should be informed through the IHAS. Re-connection 
should be performed when the user indicates they are present and information should be provided 
through the IHAS that gas appliances need to be turned off prior to the supply being re-connected. 
Gas.
IHAS. Terminating and re-connecting the gas supply.
Unable to test the components of the module and validate any potential problems. Unable to detect 
the presence of gas. Unable to communicate with the IHAS.
Exception
Current
The exception response is the same as that identified for the fall detection module.
Gas detection equipment is available for example, TiH13451, the BESTA flats11881 and Bongtra13461.
status
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M odule W ater detection .
Process Throughout the home if the bath, sink or shower starts to overflow and water is detected on the floor 
then this should be detected and the water flow terminated. The water flow should only be stopped 
for the tap left on as terminating the whole supply could cause dam age to appliances such as a 
washing machine.
W hen supply has been stopped the user should be informed through the IHAS. Re-connection 
should occur after the user has indicated that flooding is no longer taking place. Monitoring for floods 
should continue immediately after the supply is reconnected. The occurrence of ‘flooding’ should be 
recorded in the users EPR.
Inputs 
Outputs 
Major error 
Exception 
Current
W ater detected on the floor.
IHAS and EPR. Termination of the water supply for specific taps/shower.
Unable to detect water or communicate with IHAS.
The exception response is the sam e as that identified for the fall detection module.
A valve inside, or sensor attached, to the plumbing would be achievable or acoustic signature may be
status a possibility. The detection of water on the floor could be detected by a  sensor on the floor, however 
having activated an alert it may be difficult to reconnect the water supply, as contacts on the floor 
may still be wet. Condensation on tiled floors in particular may also result in action when it is not 
necessary.
M odule Tem p eratu re  analysis.
Process This module should detect the room temperature and generate an alert if there is a risk of 
hypothermia. In combination with the lifestyle monitoring module, if installed, an alert should only be 
raised when it is known that a user is in the home and not resting or asleep. If the lifestyle monitoring 
module is not available then the times when an alert should not be occur should be based on the 
‘bed’ and ‘morning time’ supplied by the user.
Inputs 
Outputs 
Major error
The room temperature should be analysed at a stated time after a user enters a  room, therefore 
providing sufficient time for the user to heat the room. Originally the room temperature alert should 
be set at 68°F (20°C)13471 however, the user must have the capability to change this level for each 
room in their home. If an alert is generated then this should be provided through the IHAS and 
recorded in the users EPR.
Room temperature. Lifestyle monitoring module. EPR (to store the individual room temperatures). 
Alert user.
Unable to test the components of the module and validate any potential problems. Unable to 
m easure room temperature. Unable to communicate with the IHAS.
Exception
Current
The exception response is the sam e as that identified for the fall detection module.
The use of thermistors is common place and they are cheap and effective. Research into the
status placement may be required to ensure that sun light does not affect the accuracy of readings.
M odule Drug dispenser.
Process Tablets and syrups should be automatically dispensed as defined by a GP; i.e. how many times a day 
and the specified quantity. Both tablets and syrups should be dispensed into individual boxes 
appropriate for everyday use. The dispensing of syrups should only be performed when the box is 
placed under the dispenser in order to ensure the syrup is not spilt.
The EPR  records when medication should be taken and in what quantities. If the user has not taken 
medication a specified time after that defined in the EPR then a  reminder should be given and this 
should continue at various times during the day or until medication is dispensed. If the lifestyle 
monitoring module is installed, then reminders should only occur when someone is in the home. 
Morning reminders should take place after it has been recognised that the user has got out of bed, 
unless the EPR suggests that the timing of medication is critical. The same procedures should occur 
for medication that is required before going to bed at night.
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The medication for a particular day should be cable of being discharged from the dispenser, therefore 
allowing the user to be absent from the home with their medication. Medication above one day 
should not be allowed to reduce the risks of an overdose. To dispense the medication two buttons 
should have to be pressed or some other recognition pattern, to protect children/pets from obtaining 
the medication.
The system should be able to operate with several drug dispensers for different users who may be in 
the home; each dispenser should be identifiable to each user. The drug dispenser should be able to 
be detached from the IHAS and other equipment so that it can be transportable to other destinations 
i.e. holiday. W hen the drug dispenser is detached from the home system i.e. cannot access the EPR, 
communicate with IHAS and hence user, the dispenser should alert the user both visually and audibly 
if medication has not been taken at times originally defined in the users EPR. Under these 
circumstances no provision for changing the drug regime is available. The module should record the 
discharge of medication and update the EPR when re-connected.
For some users it may be necessary for the G P to be informed if they are not taking their medication. 
This must be discussed between the GP and user or person acting on their behalf. Therefore, if 
medication is not taken several times within a short time period (defined by G P) the GP can be 
automatically informed.
User taking medication. Time (system clock). EPR. Lifestyle monitoring module if installed. 
Medication.
Alert to user. GP.
Unable to test the components of the module and validate any potential problems. Unable to 
dispense medication. Unable to communicate with the IHAS.
The exception response is the same as that identified for the fall detection module.
Manual medication dispensers are available for a  week at a  time. Basic tablet dispensers are also 
available from  TeleLarm 12921 and 1ST12171, although they do not provide the functionality discussed.
Medical monitoring.
The G P will suggest when a user should use the stand-alone medical monitoring equipment (i.e. once 
a week, daily etc.). This information is stored in the users EPR but the user can use the equipment 
whenever they wish. If a  user fails to use the equipment within the defined time scale they should be 
reminded through the IHAS. If a user should use the equipment once a week and they use it within 
the last seven days, seven days should be taken from the last time of use and not on a set weekly 
time (i.e. 10:00 every Monday).
If the lifestyle monitoring module is installed and a reminder is required then the user should be 
reminded when they get up in the morning and prior to going to bed at night if this level of monitoring 
is required. If the user is in bed then they should be reminded when it is recognised that they are 
doing their normal morning routine, i.e. bathroom, kitchen etc and these activities occur at a similar 
time to the ‘morning time’. If the equipment is not used after the reminder then this should be 
recorded in the EPR. If the lifestyle monitoring module is not installed then times for reminders 
should be agreed with the user and based on the ‘bed/morning’ times.
If two or more users use the same medical monitoring module then the system will need to recognise 
the difference between users.
Every time the medical monitoring module is used the information gained from its use should be 
stored in the users EPR. The information is then compared with parameters defined by the GP. If 
outside of these parameters the user should be informed through the IHAS and the GP contacted 
irrespective of the time of day. A cancellation option should be available if the user decides they 
would prefer not to consult with the G P at this stage. If the measurements indicate that immediate
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medical attention may be required then during surgery hours the G P should be contacted, while at all 
other times the control centre should be contacted. Cancellation should again be provided ensuring 
that control is with the user, although they should be informed of the possible consequences of their 
actions in this instance.
Use of module by user. EPR for comparison of parameters and when reminding the individual to use 
the module.
IHAS for reminding the user to use the equipment. Informing the user of any action needed and 
contacting the GP/control centre if necessary. Storing results and any action in the users EPR.
Unable to test the components of the module and validate any potential problems. Unable to 
read/write to the EPR. Unable to communicate with the IHAS. Unable of measuring medical 
parameters. Unable to recognise user.
The exception response is the same as that identified for the fall detection module.
Equipment supplied by Instromedix11871 and American TeleC are11851 provide ECG and other readings. 
However, the integration of the system defined above is not currently available. Thermography could 
also be a possibility but is not currently available. In addition to using standalone medical equipment 
information for diabetes and other illnesses indicated by a change in urinary sugar levels could be 
gathered from an ‘intelligent toilet’. Such a system is currently being developed in Japan13481.
Incontinence monitoring.
For users suffering from incontinence this module will detect when the wear needs their incontinence 
pad to be replaced. Pattern analysis should be performed so that any carer visits can be co­
ordinated to fit in with an anticipated replacement of the pads.
Wetting.
Inform the IHAS and carer.
The exception response is the sam e as that identified for the fall detection module.
Unable to detect wetness. Unable to communicate with the IHAS.
The NAIS Care Home in Japan are trialing a sensor to detect incontinence and inform carers when 
the pad needs changing13481.
Virtual consultations/neighbourhood.
Due to the limited transmission speed of the current telephone system, videoconferencing cannot 
effectively take place. Chapter 4 identified several technologies that are becoming available and 
could be used, but cost is prohibitive on a large scale. It is therefore envisaged that there would be 
few users of this module in the 2nd generation system. Users are likely to suffer from medical 
conditions and receive virtual consultations with their GP in order to reduce the number of home 
visits.
If the user contacts the surgery using videoconferencing but the G P does not have access to a 
camera then the system should continue to work with just speech. If visual communication can be 
secured then the user should be capable of viewing the G P and what their cam era is transmitting. 
The GP should also be able to see both themselves and the user, but in addition also have access to 
the users EPR. Any medical records or data that are not stored on the EPR should also be available. 
W hen performing virtual consultations the GP should have the capability to move the users camera 
and therefore view the user in a  way that best m eets their requirements.
Prior to the virtual consultation the EPR stored at the users home should update the central EPR  
stored at the control centre. This therefore ensures that when performing a virtual consultation the 
GP has the most up-to-date information available.
W hen receiving virtual calls no image should be sent from the home until the user specifically 
activates the camera. Therefore, providing the user with control. If the user decides not to answer 
the virtual call, communication should be made through the telephone (or through the pendant or
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In a similar fashion the nurse may also replace some home visits by videoconferencing. Such 
consultations would typically include courtesy calls and informative sessions. Their system should 
work in the same fashion as the G P ’s, and use the sam e user interface.
W hen a user contacts others on the virtual neighbourhood a list of contacts or favourites should be 
available so the user does not have to enter the individual telephone numbers of people they 
regularly contact.
This module also includes access the Internet. The keyboard and mouse should be wireless to 
ensure users or visitors do not fall over loose cables. An alternative to the mouse may be a tracker 
ball or joystick, but whichever device is used it should be wireless.
Receipt of an incoming virtual call. External control of the cam era for G P ’s and nurses.
Making a  virtual call. Access to the Internet.
Unable to test the components of the module and validate any potential problems. Unable to contact 
someone on the network.
The exception response is the same as that identified for the fall detection module.
Virtual neighbourhoods on a 1 -to-1 basis exist but are relatively ‘slow’ when using ISDN2 and 
impractical on standard telephone lines. ISDN6, A D SL or other advanced networks are available and 
provide the necessary transmission speeds. Currently in order to achieve accurate speech a 
microphone needs to be positioned near to the speaker’s mouth; it would be beneficial to move away 
from this and for the microphone to be positioned near to the cam era but is unlikely in the 2nd 
generation system. Cam eras are available and are appropriately small with suitable resolutions. 
Stand alone videoconferencing equipment is available from a number of suppliers such as 
MotionMedia13491 and Vspan13501.
Intelligent Home Alarm System (IHAS).
The IHAS communicates with all of the modules installed in the home and external systems, such as 
the control centre or G P surgery. Each module will define what event initiates the need for 
communication with the IHAS and the IHAS will communicate with the user, reporting the results back 
to the calling module if necessary. For example, with a cancellation of a fire call the sensor that 
generated the alert will be put into a ‘sleep mode’ and not communicate with the IHAS for a stated 
period of time.
Communication should be achieved through a series of recorded/generated speech messages. A 
sufficient number of microphones and speakers must be installed in the home to enable two-way 
speech throughout the home. An additional component is the use of a  speech pendant. This could 
facilitate communication anywhere in the home for example answering the telephone, whilst also 
working in the surrounding area such as, the garden.
W hen communicating to the control centre through one of the microphones distributed throughout the 
home or the pendant, both options should have the capability to automatically mute the television, 
reducing the affect of background noise. W hen the call ends the television’s volume should 
automatically return to its previous (or stated) volume level. Full-duplex speech should also be 
available. It may also be beneficial to reduce the volume of a stereo system.
The IHAS should contain a  cancellation button so that calls to the control centre/GP can be cancelled 
if necessary. All calls should be capable of being cancelled except calls where it is thought intruders 
are present. An additional ‘information button’ will call the control centre and can be used for advice 
and assistance.
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W hen communicating with people in the home through speech the recorded/generated message 
should be heard in the appropriate rooms at a volume that the users should be capable of hearing. If 
the lifestyle monitoring module is installed but cannot detect any movement within a short period of 
time then the m essage should be repeated at a volume level capable of wakening the user if they 
were asleep. If the m essage being delivered concerns a fire then the m essage should continue until 
a user cancels the call.
In the unlikely event of two or more incidents occurring at the sam e time the IHAS should concentrate 
on the module with the greatest priority. This includes instances where two events occur at the same 
time or when an event is in progress but another event occurs. The priority of the modules should be 
fire, gas, security, falls, lifestyle monitoring, medical monitoring, incontinence monitoring, water 
detection, drug dispenser, and temperature analysis.
The module referring to the IHAS defines the automatic communication with external organisations. 
The calling module will define what inform is required to be passed and in combination with the IHAS  
and the time of the event, the IHAS will decide whom to contact. The EPR contains the telephone 
numbers of the appropriate external organisations. If a  users GP has the capability to access the 
EPR then calls where the user is outside of medical parameters should go directly to the GP. The 
EPR should maintain details of surgery hours so that the IHAS can inform the user when the GP is 
likely to respond. If an individual’s GP is not connected and cannot access the EPR  then the call 
should go to the control centre, where the operators can contact the G P  or out of hour’s centre and 
provide the information verbally to the doctor if necessary. If the medical monitoring module 
considers that a user may require immediate medical attention then during surgery hours the GP  
should be contacted (if connected to the system) and the control centre at all other times.
W hen the IHAS contacts the control centre as part of the header13511 of the call, the type of call should 
be recognised by the control centre system. For example, if the call is a  fire call then ‘F’ could be 
entered in the header so that the control centre system recognises that the call regards fire. CLI (call 
line identification) can be used to identify the location of the caller and hence this information can be 
used to prioritise calls at the control centre. If an engaged tone is received then the IHAS should 
automatically re-dial after a short delay and inform the user of the problem. If the telephone line from 
the home to the G P surgery is continually engaged then the control centre should be contacted. If 
communication cannot be m ade with anyone then the user should be informed that there is a problem 
with the telephone line.
If the telephone line is in use but the calling module defines an emergency, a recorded m essage to 
both the caller and receiver of the telephone conversation should be made and the call terminated to 
enable the emergency call to be made. W hen an external call is being m ade the call must not be 
interrupted by the user picking up the telephone receiver. Communication should be secure and 
cryptography algorithms used.
W hen wishing to call from the home to someone else on the virtual neighbourhood the camera must 
be turned on before the IHAS will allow communication. Having turned the cam era on the user can 
enter the telephone number to call, or choose from a  selection of stored numbers. W hen receiving 
virtual calls a distinction should be made between normal telephone calls and a request for a virtual 
call. The receiver should have the capability to answer a  virtual call through the telephone if they do 
not wish to be seen by the caller.
If the user is not in the home when a call is received an answer machine facility should be provided 
both for virtual transmissions and traditional speech. W hen the user returns they should be informed 
that they have messages and these can be replayed/deleted at leisure. In addition, an option should 
be available to route all virtual calls to the answer phone system without displaying the callers details
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on the television screen or an audible noise being observed. This in affect puts up a ‘Do not disturb 
sign’, and will not disturb an individual who may be watching an important television program. If it is 
recognised that the G P surgery is calling then this capability should be overridden.
W hen a carer or home help accesses the EPR and leaves the users home, the EPR  at the control 
centre is immediately updated. However, if the control centre is not updated within a defined time, 
perhaps a week, then the IHAS should establish all the details that have changed on the EPR and 
update the control centre’s main records. The EPR  physically stored in the home should then be 
reset so it is known what has been updated. If no fields have been changed since the last update 
then the call should still be made to verify that the equipment is working correctly. Each home should 
only have one defined time and all of the users E PR ’s living in that home should be accessed, and 
one telephone call made. The same principle should be employed for warden schemes so that at a 
defined time all the homes in the warden scheme should be accessed on the internal warden scheme 
network and one call made to the control centre.
W hen the IHAS receives calls from the control centre, the IHAS module should recognise the 
telephone number and update the EPR without informing the user (ringing the telephone). 
Meterlink13521 provides this capability. Appropriate security measures should be in place to ensure that 
it is the control centre making amendments.
For people with hearing problems the communications system should alert individuals by a flashing a 
light or a  vibrating pager worn by the user. Speech should be used as well for those users with 
reduced hearing or for a partner who may be able to hear. The reason for the alarm and appropriate 
information can then be presented to the individual through the television. The appropriate resolution 
for the users vision should be automatically stored in the EPR  and the information presented in an 
easily understandable way. The user can then be reminded to take their medication or be informed 
of any other alarm through this medium.
Using the television for access, the user should be able to alter the system performance for example, 
the user should be capable of modifying the temperature analysis module, change the ‘morning/bed 
time’ or turn other modules on/off at will. Clearly some modules rely on others so the user should be 
informed of the implications through text on the screen and generated speech. The user can then 
make an informed choice about how the system works in their home. These am endments should be 
viewed in the EPR so that G P ’s etc. can see what modules are functional. The television also 
provides access to the virtual neighbourhood.
A further role of the IHAS is to provide information to users and carers. This can be achieved through 
the general content of the Internet, but also specialised advice centres. Such advice would include 
how to detect the onset of medical problems and basic treatment on conditions, or advice on user 
rights and the responsibilities of service providers.
Interrupts from all home based modules. Incoming voice/virtual communication. Modifying the home 
based monitoring modules. Cancellations of a possible em ergency call.
Contact G P or control centre. Recorded or generated speech messages to users, alternatively 
appropriate communication for a deaf user through a vibrating pager and flashing lights distributed 
throughout the home. Ultimately communicating through the television.
Unable to test the components of the module and validate any potential problems. Unable to cancel 
an emergency call. Unable to communicate with the user. Unable to communicate with other 
modules.
The exception response is the sam e as that identified for the fall detection module.
Communication between modules is attainable with present technology, for example Bluetooth12951. 
Communication for people with hearing problems is also attainable with current technology.
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Module GP surgery.
Process The GP surgery receives 3 types of call and the system must recognise which call is being received:
1. Verbal telephone call: The call can be answered and dealt with in the usual manner -  book 
appointment, provide advice over the telephone etc.
2. Videoconferencing call: The receptionist should answer the call using videoconferencing 
equipment. If this is not available then by speech only. Again the outcomes may be booking 
appointments or giving advice.
3. User outside of medical parameters: The GP should be informed of the user parameters either 
immediately during surgery hours or when they are next available.
If a queue of users outside of their medical parameters exists the G P should employ a FIFO, First in 
First Out strategy. This is because some users may be very ill and have parameters that would 
indicate a  serious problem if readings were just outside of the defined parameters. While for others, 
being outside of the parameters may not be as significant. It is impossible to determine this ethically. 
(I.e. to state on a users EPR  that they are extremely ill and hence ‘jump them up the queue’, such a 
system would also be open to abuse.)
W hen the GP analyses readings that are outside of the defined parameters a consultation may be 
required and can be performed by videoconferencing if appropriate. Having decided on the 
appropriate course of action this should be recorded in the EPR and the user informed. If changes 
affect the home, for example the medical monitoring equipment or drug dispenser then the home 
EPR  should be updated immediately.
W hen the GP receives a call regarding measurements that are outside of allowable parameters, an 
automatic m essage should inform the patient that the doctor will be contacting them shortly, the 
doctor may be performing a consultation and therefore cannot respond at that moment in time. If the 
call was received during surgery hours but the GP did not respond by the time the surgery was 
closed then these calls should be left on the queue and available for the G P on the next working day. 
The delay should be relayed to the user. However, calls that were not answered by the GP and may 
require immediate medical attention should be re-directed to the control centre so they can inform the 
out-of-hours GP centre. This should occur randomly so as not to overload the control centre and 
should not coincide with the logging on/off of wardens, (a busy time for the control centre system)
W hen the GP is performing virtual consultations, the receptionist should contact the user prior to the 
consultation. The GP may be behind schedule and if users called the surgery numerous telephone 
lines could become engaged, while some would be uncomfortable paying the telephone charge. If 
the user is available then a virtual consultation can take place; if however the user is unavailable then 
the receptionist can leave an appropriate m essage on the answering system and the next user 
contacted.
A user can also request a  consultation even if the medical monitoring equipment does not indicate 
they require one. The surgery can receive a call either by voice only or voice and vision and the 
receptionist should answer the call in the similar fashion if capable. Appointments should be made in 
the normal manner, but for users who may struggle to physically attend the surgery a virtual 
consultation appointment should be made if the user and surgery have the technology. Based on a 
virtual consultation a decision can be made for a physical consultation if necessary.
If a user has the lifestyle monitoring module installed and the GP decides the user is likely to be less 
mobile for the duration of the illness then the G P should be able to put the module into an ‘ill mode’. 
The time allowed in each room before an alarm is raised should therefore be increased. The doctor 
needs to define how long this period will last and therefore on the defined day at 0 hours the lifestyle 
monitoring module must automatically revert to the settings prior to the G P ’s intervention.
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After successfully meeting the security requirements the G P can make the necessary changes to the 
EPR in the users home when performing a home visit. After the GP has completed the consultation 
the users EPR can be updated at the control centre.
User outside of defined parameters. User requesting a consultation or appointment. Organised 
virtual consultation.
Consultation (virtual/physical). Change within the EPR for the medical monitoring equipment, drug 
dispenser etc.
Unable to test the components of the module and validate any potential problems. Unable to contact 
a user. Unable to change parameters in the EPR. Unable to achieve a virtual consultation.
The exception response is the same as that identified for the fall detection module.
The basic technology needed is available.
EPR (Electronic Patient Record).
The EPR stores all of the relevant information concerning a user. Access by each organisation 
(GP/control centre/carer/hospital etc.) must be controlled through a security system that ensures 
access to authorised professionals, while only presenting the information relevant to the professionals 
role. I.e. a carer should not have access to detailed medical information. Updating the EPR can be 
achieved by the system; for example the IHAS will contact the control centre within defined times to 
update the EPR stored at the control centre. Alternatively, an authorised professional can update the 
EPR, for example the control centre operator editing personal details.
Data from social services should be included on each users EPR so that it is known what care 
package a user has been given in the past and what the present care package entails. The results of 
any assessments should also be included with dates for a possible reassessment/follow up. Hospital 
discharge information should be recorded on the system for those requiring medical data. Social 
services may use this data when considering hospital discharge from their viewpoint. Ambulance 
personnel should also have access to the EPR from their ambulance and be able to update the EPR  
with any action taken.
The EPR should be physically stored at the control centre to meet the requirements of the Data 
Protection Act 1984 although to reduce telephone communications some of the EPR should be 
stored physically in the users home. The home will then contain the most up to date information and 
must be requested when a GP or operator requests a users EPR. Details stored in the home should 
be:
1. Appropriate contact telephone numbers for communication purposes (surgery, control centre).
2. Tablet/syrup information, i.e. for each drug how much to dispense and when. It should also 
indicate if the drug is time critical so that a warning can be given immediately after the 
medication should have been taken.
3. Medical parameters which would result in the need for the GP to be contacted (not immediate 
medical attention).
4. Medical parameters which would result in the need for immediate medical attention.
5. Record of recent results from the medical monitoring module which were not out of the defined 
parameters and have not been updated at the control centre.
6. Falls -  time, date, and where the fall occurred.
7. Pets -  what they are and how many.
8. Personal details -  name, address, responders, family.
The EPR physically stored at the control centre should include not only include the above but:
1. GP diagnosis and treatment.
2. Hospital discharge summaries.
3. Social services details and care package details.
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4. Full version of EPR information. I.e. last 30 falls, last 100 uses of medical monitoring equipment, 
carer records for last 2 months etc.
5. A list of when the EPR  was recently accessed and by whom.
6. Language requirements, i.e. English non speaker and preferred language to converse in.
7. Current location, whether they are currently in hospital.
Locking procedures must exist to resolve issues of mutual exclusion and potential conflict. These 
are:
■ If the GP or nurse is viewing/amending a particular users EPR and the control centre wish to 
view that same EPR the control centre should be given priority as they may be dealing with an 
emergency call and the G P should be locked out from amending the fields until the control 
centre has finished.
■ The EPR is being viewed/am ended by an organisation (GP/control centre etc.) and the EPR  
being viewed is being updated from the EPR physically stored in the home. If this occurs the 
EPR should be updated and the organisation viewing the file made to wait.
■ The EPR is being viewed/am ended in the home and the GP surgery/control centre wish to view 
the user’s record. The surgery/control centre should be given the information stored at the 
control centre and informed that the EPR is currently being updated. The EPR should be 
updated at the control centre when editing in the home has been completed. The surgery or 
control centre can then be updated with the latest information.
Amendments from the temperature, lifestyle monitoring and fall modules. Professional amendments 
from the GP, social services, hospital, carers/home helps and ambulance personnel.
Secure accurate information for the IHAS, social services, G P and hospital.
Unable to update/view any field. Unable to protect what each organisation is allowed to update/view.
A period of time must be given for the problem to resolve itself, if after this time the fault still exists 
then a fault report should be generated and the control centre contacted.
In theory such databases are available but non exist which specifically cater for the needs described 
above.
Control centre.
W hen a call is received at the control centre the system must distinguish the type of call. If the call is 
electronic then the first part of the call will contain a  header with the reason for the call i.e. fall, fire 
etc. For non-electronic calls this information will not be available but by their very nature they will be 
non-emergency calls that require the operator. The control centre system should prioritise calls so 
that the most important calls are answered first. This priority should be:
1. Fire.
2. Gas.
3. Security.
4. Falls.
5. Medical monitoring outside of surgery hours requiring immediate medical attention.
6. Lifestyle monitoring.
7. Medical monitoring*.
8. User activated em ergency call.
9. Carer/home help failed to log on at the expected time.
10. Incontinence.
11. User telephone call.
12. User information enquiry.
13. Non compliance to drug regime from the drug dispenser*.
14. GP enquiry for EPR.
15. Hospital access to EPR.
16. Warden log.
*only received if the users GP surgery does not have access to the EPR.
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The queue should be re-organised each time a new call is received, however allowance should be 
m ade to ensure that a low priority call is not continually left on the queue.
W hen a carer or home help updates a users EPR this is automatically sent to the control centre and 
their daily schedule can be updated with the time they arrived and left the users home. This allows 
the control centre system to monitor the progress and safety of carers and home helps and if they fail 
to arrive at the anticipated time for the next appointment the reason for this can be investigated. It 
also gives the capability for the control centre system to estimate the arrival time of a carer or home 
help if they are running behind schedule. Therefore, if a  user contacts the control centre enquiring 
when they will receive their visit a  realistic estimation can be made.
W hen producing a carer or home help schedule the control centre system should recognise if users 
are in hospital and therefore do not require a home visit (this information being supplied on admission 
to hospital).
Non emergency calls concerning a warden/carer logging on/off duty, access or updating of the EPR  
should all occur without the control centre operator being involved. The control centre system must 
ensure there are sufficient telephone lines for user em ergency calls to be received. Therefore, non 
emergency calls should be postponed if there is a danger of em ergency calls receiving an engaged 
tone.
W hen a warden logs on/off duty this information should be recorded and if any calls are received from 
a  wardens site while the warden is off duty they should be informed when they return to duty. This 
technique should also be used when generating the carer and home helps schedule, therefore 
allowing the reason for the call to the control centre to be further investigated.
If an emergency call is being .answered by a control centre operator this call should be completed 
before taking the next call but the operator should be able to see the ‘queue’ of calls waiting for their 
response and the nature of those calls. The control centre operator should only be allowed to answer 
the next call, i.e. the one with the greatest priority. W hen a call is answered the control centre 
operator should automatically be provided with details such as, the callers name, address, users 
natural language and ability to speak English, key holders, family, pets, nearest police and fire 
station, care package, GP and position of anyone in the home if the lifestyle monitoring module is 
installed.
W hen a control centre operator receives a call, full-duplex speech should be available through the 
IHAS. If language barriers exist or communication cannot be secured then the information provided 
by the IHAS will generally be sufficient. The greatest deficiency is that comfort and reassurance 
cannot be given to the caller. Stored messages in the caller’s language should be available to control 
centre operators informing the caller of the action the control centre operator is taking.
Three-way speech should also be provided to the control centre operator so that communication 
between the caller, control centre operator and one other can be secured. The other would typically 
be a key holder, GP or family member who may interpret between the control centre operator and 
non-English speaking family member.
W hen the call has ended the EPR  should be updated showing who answered the call, how long the 
call was, when the call was made, how long the caller had to wait to be answered and what action 
was taken. This information can then be used for m anagem ent and accounting purposes.
If the control centre is unable to accept telephone calls then the telephone exchange should re-route 
the calls to a  back up control centre; no calls should be lost in this process. The need for a
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contingency arrangement is required for accreditation by B S 597912401.
Manual enquiries. Emergency calls from the IHAS. W arden/carer log in. Access to EPR by the G P  
and hospital.
EPR displayed for the operator. Communication with caller through IHAS in emergencies. Inform 
warden of calls received while they were off duty. Contact carer/home help, family, key holder, 
em ergency services, GP. Fault report for engineers.
Unable to test the components of the module and validate any potential problems. Unable to access 
user E PR ’s. Unable to receive/make telephone calls.
The module must be given a period of time to resolve itself, if after this tim e the fault still exists then 
inform the operators and automatically run a parallel (backup) system, defaulting to a separate  
control centre if the problem is significant and persists.
Call handling systems are available but need to be am ended to provide the facilities above and 
integrate in the m anner suggested.
Module Hospital Health Services.
Process W hen a user is admitted to hospital their EPR should be accessible and details of their medical 
history available. Such information is the GP's records and any historical data secured from the 
medical monitoring equipment. Details of responders etc. can be viewed through the EPR and 
relatives informed. The EPR should be edited so that it is known when a user is admitted and 
discharged from hospital. Therefore, allowing the control centre to produce efficient carer schedules.
Prior to discharge the control centre should be informed with the anticipated discharge date, therefore 
enabling the user to be included in the carer schedules. On discharge the discharge summary should 
be entered into the EPR and be readily available for the GP.
G P ’s should also be able to arrange appointments with hospital consultants during a GP consultation 
and have access to hospital test results.
Inputs User presented at hospital. EPR.
Outputs Contact family/friends. Halt and resume care package through updating the users EPR.
Major error Unable to access the EPR. Unable to provide medical assistance.
Exception A period of time must be given for the problem to resolve itself, if after this time the fault still exists 
then a fault report should be generated and the control centre contacted.
Current By the end of 20021228' the government has indicated that G P ’s will be able to access the hospital’s
status records through the NHSNet. Access to a users care package is technically possible but not
currently performed.
Each module installed in the users home should continually test itself. If there is a malfunction then the 
IHAS should be informed and communicate this to the user, and ultimately the control centre if the 
problem cannot be resolved.
The current 1st generation or community alarm system as described in Chapter 4, did not contain the 
hospital as it operated in isolation. The hospital received patients, treated them and discharged them with 
little or no interaction with the control centre, or indeed GP’s. Due to the greater access to information in 
the 2nd generation system, the hospital can easily gather information on users and also provide input into 
the system, such as the discharge summary, thereby breaking down some of the operational barriers that 
currently exist.
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Based on the views of current users, Chapter 3 indicated that a modular system was required that could 
be enhanced as user need increased. Three possible levels are suggested in Table 5.1 along with the 2nd 
generation modules that would be included at each of these levels.
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Table 5.1: Possible modular community alarm system - based on current user questionnaire
Level Description Modules
One Current community alarm system with speech 
synthesis for false alarms and a security system.
Fire detection 
Security 
IHAS  
EPR
Control centre 
GP surgery
Hospital health services
Two In addition to the above system automatic fall 
detection and lifestyle monitoring.
Fall detection 
Lifestyle monitoring 
Tem perature analysis
Three In addition to system two, telemedicine and 
video conferencing.
Medical monitoring
Virtual consultations/neighbourhood
In addition, Table 5.2 suggests further modules that can be added at any of the levels identified in Table 
5.1.
Table 5.2: Additional modules based on specific need
Module Possible reason for installation
Gas detection Signs of forgetfulness
W ater detection Signs of forgetfulness
Drug dispenser History or possibility of poor compliance to drug regime
Incontinence monitoring Any user with incontinence
The decision on the level of system and installation of any additional modules must become part of the 
community care assessment currently performed by social services. A technical understanding would 
not be necessary but the benefits of each module must be known in order for users to obtain systems 
which best meet their needs. The installation and maintenance of the equipment will also require 
additional training for the installers and engineers.
Despite the increased monitoring and communication that each level of the 2nd generation telecare 
system provides, the impact on the home is likely to be insignificant in terms of intrusion for the user. It 
is likely that a small unit would be required in each room with a microphone and speaker for the 
improved communication of the IHAS, while a PIR or similar device would be required for the lifestyle 
monitoring module. The virtual consultations/neighbourhood would require a camera unit to be placed 
on the television while the medical monitoring module would require a stand alone medical device. 
Communication between the modules and control box could be achieved with wireless communication, 
such as Bluetooth. The overall impact of a level 1 system is shown in Fig. 5.2, where the small unit in 
each room is highlighted in red and the control box can be seen in the hall way. A virtual tour of such a 
home is provided on the accompanying CD.
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Figure 5.2: The implication for users with a 2nd generation telecare system 
5 .1 .3  2 nd g e n e r a t io n  c o n te x t  d ia g r a m
There are a greater number of organisations working together in the 2nd generation system as highlighted 
in Fig. 5.3. Perhaps the most significant change is that the user is at the centre of the system as opposed 
to the control centre, as identified to be the case with the present system (Fig. 4.1).
Figure 5.3: Context diagram for a 2nd generation system
In the 1st generation system once a user instigated a call for help the control centre facilitated this request 
and provided assistance as necessary. The 2nd generation system can automatically call for help and 
assistance is provided from the GP surgery or control centre as appropriate. Fig. 5.3 indicates that with
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the exception of medical monitoring, all of the alarms, whether generated by the system or user, are 
routed to the control centre. It would be possible to send alarms directly to organisations that could 
respond, but due to legal requirements it is unlikely that this will occur. For example, it would seem 
appropriate for a fire alarm to be sent directly to the fire brigade, but under the current legal framework, 
the electronic detection of a fire cannot be sent to the fire brigade without being validated by the control 
centre operator12401.
When the control centre is contacted, Fig. 5.3 indicates that social services and the control centre are 
grouped together. It is not suggested that the control centre, which is commonly situated in housing 
departments, and social services are merged, but rather the information on care packages etc. is fully 
accessible to the control centre operator and information held by the control centre is accessible to social 
services. Once the control centre is contacted the calls can be queued based on need and the same 
organisations as identified in the 1st generation system are again available to respond namely, the 
emergency services, responders or medical expertise.
The final additional feature of the 2nd generation system is the ability for users to videoconference one 
with another. This could be used to provide motivation and a feeling of community or togetherness for 
users. However, due to the need for ADSL or other appropriate transmission speed it is probable that 
there will be few users of this function at this stage.
Data flow diagrams for this 2nd generation telecare system are provided in Appendix A5.1.
5.2 3rd Generation System
5.2.1 Requirements definition for the 3rd generation telecare system
Having introduced a 2nd generation system capable of detecting some emergency situations and 
monitoring some medical parameters, the 3rd generation system introduces additional monitoring to 
detect further emergency situations. The performance is also improved to enable conditions requiring 
attention to be detected earlier. Improvements in medical monitoring will enable further parameters to 
be measured while for some users continuous 24-hour monitoring will be possible. The introduction of 
expert systems14 enables further analysis and trend recognition to enable prevention to play an increasing 
role.
Any GP surgeries that had not previously obtained access to the EPR or videoconferencing should now 
obtain access and become a component of the overall system.
Overall, the 3rd generation system is enhanced and made more flexible and responsive. Tasks that were 
previously carried out by staff but did not require contact with users are taken over by the system. This 
therefore enables staff to spend more time with users and provide a more caring environment. It is 
suggested developments of the 3rd generation system will result in an operational system by 2005-2010.
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Expert systems are defined as software applications that allow users to benefit from the knowledge of an expert 
human consultant13531. 124
The main features of the 3rd generation system are described in Table 5.3, while the functional 
requirements are provided in Appendix A5.2.
Table 5.3: M ain fea tu res  o f  the 3 rd gen era tion  te leca re  system
Main features
Components of 2nd generation system: the previous modules are available in the 3 ra generation system.
Lifestyle monitoring: identify the movements of users without having to use tagging, also measure the users gait 
and how often they climb stairs (if present).
Security: more developed burglar alarm and automatic recognition of user. Access to EPR for all professionals. 
Weight detection: measures the users weight.
Drug dispenser: enable repeat prescription reminders and analysis of the medication held within the dispenser.
Medical band: provide 24-hour continuous medical monitoring for users wearing a medical bracelet or vest.
Distance support: communicate with the medical band and allow the user to call for assistance when away from 
the home.
Intelligent Home Alarm System (IHAS): the ability to track the user if they fail to return home at a specified time. 
User control: provide verbal communication with the home based system.
Virtual GP/neighbourhood: provide remote physiotherapy and exercise schemes.
GP surgery: expert system to suggest to the GP what medication they should prescribe.
Pharmacist: enable paperless prescription.
EPR: store the users data.
Control centre: support for foreign languages and analysis of users E PR ’s to ensure that correct medication is 
being used.
Hospital Health Services: no change when compared to the role undertaken in the 2nd generation system._________
In order that the 3rd generation system provides the necessary assistance and support at the correct levels, 
it is again suggested that the modules are provided on a plug and play basis. During the assessment 
process it can then be agreed which modules of the 2nd and 3rd generation system are required to meet 
each individuals specific need.
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5.2.2 3rd generation context diagram
In a similar fashion to the 2nd generation system, in the 3rd generation system described in Fig. 5.4 the 
users home is the beginning of the process and therefore holds a central position. This 3rd generation 
system continues to improve the communication and information held and new organisations, although 
present in the 1st and 2nd generation systems, now interact with the telecare system:
1. Pharmacist: The pharmacist has always provided medication to users but now provides information 
into the system. When the GP prescribes medication the prescription is entered into a pharmacist 
database, enabling a paperless system. When users are provided with their medication this can be 
entered into their EPR and checks made to ensure medication has been collected and used.
2. Warden/carer/home helps & family: The users home can contact family members or responders 
directly. This is an important development as it allows the system to support the user while reducing 
the work load on the control centre. For instance, if the home based system recognises that the user 
is suffering from a minor illness, or there is a reduction in the number of visitors or in the use of the
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telephone or videoconferencing, then contact can be made with responders and family who can 
check on the users well being and provide care and support if necessary.
3. Remote exercise schemes/physiotherapy: In addition to being enjoyable13541, exercise helps to reduce 
the probability of a fall and prolongs the length of time older people are able to perform basic tasks 
for everyday living13551. Although exercise schemes were previously available to users, the 3rd 
generation system enables these to be performed remotely and details stored in the EPR. Remote 
physiotherapy also enables users access to assistance when previously their treatment may have 
ended. The economies of scale with group videoconferencing makes this possible.
The remainder of the data flows between organisations are similar to those defined for the 2nd generation 
system. The main EPR is again stored at the control centre and is updated with the latest information, 
either on a request from the health zone and control centre operator, or at pre-determined times, perhaps 
once a week.
Data flow diagrams for this 3rd generation telecare system are provided in Appendix A5.3.
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Figure 5.4: Context d iagram  f o r  a 3 rd gen era tion  system
5.3 4th Generation System
5.3.1 Requirements definition for the 4th generation telecare system
The focus of the previous generations was to monitor users and detect emergency situations. Attention 
was also given to prevention in respect to medical parameters, while the introduction of expert systems 
enabled the system to ensure that medication was prescribed correctly. The 4th generation system builds 
upon these previous generations by developing the system for both the user and provider.
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For the user, intrusion is reduced with implanted sensors so the user no longer has to wear a pendant or 
similar device when in the home. When outside of this environment, the implanted sensors work in the 
same manor as the medical band module, communicating with the distance support module. Assistance 
with tasks of daily living enable users to stay independent in their own homes for longer, automatic 
robots provide tasks such as cleaning.
Medical professionals received support from expert systems in the 3rd generation system and 
developments in artificial intelligence will enable remote assessment. The Activities of Daily Living 
(ADL) has conventionally been used by social services in assessing older peoples need for long-term 
carell00], however this annual ‘snap shot in time', assessment has often failed to assess the user as their 
needs change, especially relevant after hospital discharge11451. The 4th generation system addressees this 
deficiency by monitoring the user on a daily basis and automating the assessment. Users can then be 
formally assessed after the system has indicated that intervention would be beneficial.
Any pharmacist that had not previously obtained access to the pharmacist database should now obtain 
access and become a component of the overall system. It is suggested developments of the 4th generation 
system will result in an operational system by 2010-2015.
The main features of the 3rd generation system are described in Table 5.4, while the functional 
requirements are provided in Appendix A5.4.
Table 5.4: M ain fea tu res  o f  the 4 th gen era tion  te lecare  system
Main features
Components of 2na and 3r0 generation system: the previous modules are available in the 4m generation system. 
W ater detection: monitor the washing habits of the user.
Incontinence detection: detect the onset of incontinence.
Robotic assistance: provide mechanical assistance with vacuum cleaning, retrieving items from the floor and 
dressing.
Virtual GP/neighbourhood: the scanning of letters and forms that cause distress. Assistance being provided from 
friends or relatives, and ultimately the control centre or social services.
Implanted medical monitoring: implanted sensors measuring vital signs 24-hours a day.
Intelligent Home Alarm System (IHAS): route emergency fire calls directly to the fire brigade.
User control: the use of the mind to control electronic devices around the home.
Control centre: through an expert system, each users EPR is analysed under the automatic ADL assessment.______
For each module installed in the users home it should continually test itself. If there is a malfunction 
then the IHAS should be informed to communicate this to the user and ultimately the control centre if the 
problem cannot be resolved.
In order that the needs of each user are meet it is suggested that modules from the 2nd, 3rd and 4th 
generations are combined. Modules can then be added or withdrawn depending on the annual 
assessment or system generated assessment for users with the 4th generation system.
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5.3.2 4th generation context diagram
The communication in Fig. 5.5 between the 4th generation telecare system and external organisations is 
not dissimilar to the 3rd generation system. The only difference being the automatic routing of fire calls 
from the home to the fire brigade as indicated in red on Fig. 5.5. As part of this process the fire brigade 
contact the control centre to inform them of the action taken. Such information could be useful in an 
ADL assessment. When the IHAS wishes to contact the police and ambulance service this is achieved 
through the control centre. However, the action taken by all of the emergency services is recorded in the 
users EPR.
Data flow diagrams for this 4* generation telecare system are provided in Appendix A5.5.
5.4 Conclusions
It could be said that die aim of any telecare system is to prevent morbidity, increase user choice and 
provide a safe environment for the user. The American study by Roush e t  a P 71] suggested a 25% 
reduction in hospital admissions and a reduction from 9.2 days to 5.7 hospital inpatient days due to the 
intervention of the 1st generation system. However, it is suggested that it is not until the 4th generation 
system that a truly effective system is available. This 4th generation provides:
■  Emergency detection of situations both inside and outside of the home environment.
■  24-hour continuous medical monitoring and deviations from allowable parameters resulting in 
almost immediate medical attention. This allows prevention and also provides medical professionals 
with a histoiy of reliable medical data.
■  Prevention due to medical expert systems ensuring the correct medication is provided to users.
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■ Improved efficiency and provision of aids and adaptations due to the automatic ADL assessment.
In order to move to this 4th generation system from the current and technically simple 1st generation 
system, two stepping stone systems have been introduced. These are required to enable the technology 
to develop and improve the communication between organisations. In defining each telecare generation 
attention has been given to modules which the majority of the current 1st generation users could benefit 
from. As such there are various developments which are not included but are likely to be available to the 
benefit of some users. Developments would include, automatic environmental heating control, height 
adjustable work surfaces and cupboards, a bar code reader on the bin to automatically replace food. 
Developments may even analyse user’s responses to ensure that they are telling the truth, it is claimed 
that such a development has an accuracy of 95% 13561 and could be used in the assessment procedure.
Accurately estimating when each of the telecare generations will be available is a difficult task due to the 
technical innovation and organisational change that is required. Indeed, it should be appreciated that the 
current 1st generation system has not significantly changed since the late 1980’s[115]. The time estimates 
given are therefore based on the availability of technology that could be applied from other disciplines, 
the likelihood of organisational change, and the governments desire to move to a preventative system 
along with its published IT strategy.
Chapter 5
129
6  D e v e lo p in g  A  C o s t  A n a l y s i s  T o o l
Chapter 6
C h a p ter  s tru c tu re: The f ir s t  stepp ing  stone system  o r  2nd gen era tion  te leca re  system  is used to  deve lop  a  
co st an alysis m odel a n d  d isco ver  the costs  a n d  p o ten tia l savin gs involved. This ch ap ter rev iew s the 
curren t literature, indicating the fo rm a l con stra in ts im posed  in the d evelo p m en t o f  an effective cost 
an alysis tool, an d  explains how  the cost a n a lysis m odel w as developed .
The qualitative benefits of telecare and telemedicine have been widely published158,72,135,3571 and it could 
be argued that they are generally accepted. However, the greatest stumbling block to the development of 
telecare systems is the apparent lack of evidence for the sustainability and cost-effectiveness of such 
systems and it has been suggested that this has mitigated against the further development of such services 
in the UK[61].
Whitten e t a l comment that one of the most commonly posed questions about telecare and telemedicine 
is whether the use of information and communications technologies is a cost-effective method of 
providing health services13581. As indicated in Chapter 2, cost-effectiveness studies are crucial to the 
introduction of telemedicine into national health services as no government will introduce telemedicine 
[and telecare] on a significant scale without firm evidence of cost-effectiveness12331. However, there is 
little evidence158,61,164-235'237’238J and jn 1999, no such evidence had been published in the UK12341. Where 
consideration had been given to costs, they have tended to be quite simplistic as in the paper by Tang and 
Venebles referred to in Chapter 211681.
Elsewhere, Hakansson e t a l[259] suggest that there is a consensus amongst health economists that the 
introduction of new technology often leads to an increase in cost. Stode e t a l suggest that in many 
instances telecare merely shifts, rather than saves costs13601. Without cost-effectiveness information it is 
not possible to decide if the benefits of telecare and telemedicine are worth their associated costs, or if 
indeed services can be delivered with a financial saving. In order to move from the array of relatively 
small-scale projects to deployment on a national and international scale an understanding of the financial 
implications will be beneficial.
As indicated in chapter 2, the use of telecare to assist older people and other users is a relatively new area 
of research. Mair et a l in 2000 suggested that much of the research has been aimed at answering the 
question ‘can we do this?’ and the question ‘should we do this?’ remains unanswered12381. Consequently, 
a considerable proportion of the work to date has been concerned with developing the technology and 
systems, rather than implementation issues. It may also be suggested that one of the reasons why 
evidence is lacking, is that assessing the- costs and benefits of any proposal is a complex exercise13611. 
This is particularly true where information on current and likely future costs is difficult to assess or 
predict while operating in a complex and ever changing technological, medical and political 
environment11351. By way of illustration, computer memory costs approximately £2 per megabyte today, 
in the 1960’s this would have cost £2 million13621.
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6.1 Economic Evaluations
In order for the results of a cost analysis tool to be accepted by academics and professionals it must 
adhere to accepted procedures. In this respect information is provided by the NHS Research and 
Development Health Technology Assessment programme that aims to ‘ensure th a t h igh-quality research  
inform ation on the costs, effectiveness an d  b ro a d er  im pact o f  health tech n o log ies is p ro d u ced  in the m ost 
efficien t w a y ’[263]. It suggests that fundamental to this aim is the requirement that an economic 
evaluation is performed. Drummond e t a l consider the economic evaluation of healthcare interventions 
as the systematic evaluation of alternative courses of action, both in terms of the costs and the 
consequent health outcomes from the action13641.
The basic tasks of any economic evaluation are to identify, measure, value and compare the costs and 
consequences of alternatives under consideration13591. Mair e t a l have suggested how an economic 
evaluation of telecare should be performed and she commented that the fundamental concept was 
‘opportunity cost’, specialists can either be travelling or treating patients. The true cost of travel is the 
missed opportunity to treat patients. All of the resources used in the provision of a service must be 
identified, measured and valued and she suggests that only by using such a comprehensive approach to 
cost measurement can it be ensured that all of the consequences arising from telecare are incorporated 
into the evaluation12381.
Mair e t a l also comments that economic evaluations must incorporate a sensitivity analysis as 
recognition of the uncertainty related to point estimates of costs and benefits12381. In this context a point 
estimate is where, the cost of an intervention is calculated at perhaps £1,000 with the number of users for 
example at 20, the total costs are £1,000 * 20 = £20,000. The £20,000 is considered as the point estimate 
but in calculating the £1,000 assumptions may have been made and the intervention may for example, 
vary from £600 to £1,400 making the total intervention cost range from £12,000 to £28,000. Presenting 
the results with consideration to the range of possible intervention costs is referred to as the sensitivity 
analysis.
The most common form of sensitivity analysis is where one or more components of an evaluation are 
varied across a plausible range of values in order to examine the effect on the results as demonstrated 
above. In a one-way sensitivity analysis each value which has a level of uncertainty associated with it is 
varied individually13631. It has been argued that a set of one-way analyses may be sufficient if each of the 
uncertain variables is independent of the others13651. However, this has been questioned, since even if 
variables are independent, they do not vary one at a time and the effect of joint uncertainty will often be 
wider than suggested by one-way sensitivity analysis13661.
A multiway sensitivity analysis involves varying two or more inputs at the same time, and studying the 
combined effect on the results of the evaluation. Inevitably, it becomes progressively more difficult to 
present the results of multiway analyses the greater the number of inputs that are varied, and evaluations 
frequently exhibit uncertainty on more inputs than can be feasibly handled. A solution commonly used 
is to present multiway analyses in the form of what has been termed ‘scenario analyses’. This can be
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used to explore the implications of different ‘states of the world’, each of which affects a number of 
different parameters in the evaluation13631.
Other forms of presenting the cost analysis results are by using a threshold analysis. This is concerned 
with identifying the critical value of parameters above or below which the conclusions of a study will 
change1,671, for example what values do the parameters need for the intervention to be cheaper than the 
present system. Another form of sensitivity analysis, closely related to multiway/scenario sensitivity 
analysis, is the extreme scenario analysis. In this form, analysis is given to a best and worst case 
scenario by systematically combining all the most optimistic and pessimistic values1’631.
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6.2 The Cost Analysis Model
In order to demonstrate the cost-effectiveness of telecare systems, the cost analysis tool needs to compare 
the present community alarm system with a proposed future system using the rules described by the NHS 
Research and Development Health Technology Assessment programme. As such, there are five key 
areas where the costs and benefits need to be considered:
■ Home environment.
■ Community alarm control centre.
■ GP surgery and primary care system.
■ Hospital environment.
■ Residential care.
The model needs to have the capability to include the functions of the 2nd generation system discussed in 
Chapter 5 and highlighted in Fig. 6.1.
Virtualne iglftomhoodJ' Decisim
remote OP consulatnns etc. aid Action
He ilh  manioring
Figure 6.1: The com ponents o f  the p ro p o s e d  te lecare  system
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To provide the  ^necessary performance, it is argued that a new generation of equipment is required. 
Elements of the proposed telecare system are summarised in Table 6.1:
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Table 6.1: E lem ents o f  the p ro p o se d  system
Element Description
Lifestyle monitoring Automatic detection of situations where assistance is required and the user is unable 
to raise the alarm themselves. The in-house equipment first verifies assistance is 
needed before contacting an external source. Room temperature should also be 
measured in an effort to reduce the risk of hypothermia.
Security Linked to the lifestyle monitoring component, the in-house equipment automatically 
activates/deactivates a home security system, it also indicates if occupant(s) are in the 
home.
Automatic fall detection This could be part of the lifestyle monitoring system or a stand-alone device, where 
necessary a control centre will autonomously inform a control centre.
Emergency monitoring This should automatically detect if a cooker has been left on by mistake and turn the 
cooker off if necessary, this element should also automatically detect fire and gas 
appliances left on by mistake, responding as necessary to maintain safety.
Medical monitoring A basic set of medical parameters are m easured and if outside of G P  defined 
boundaries the GP can be contacted.
Virtual GP consultations Some GP consultations are performed remotely through video conferencing and the 
medical monitoring equipment in the home, rather than physically in the home or 
surgery.
Virtual nurse visits Nurse visits that do not require ‘hands on’ care can be performed remotely through 
video conferencing and the medical monitoring element.
Improved communication Data gathered from the home is stored locally and at defined times sent to the control 
centre for predictive analysis and accurate information for hospitals, social services 
etc. (EPR -  Electronic Patient Record)
Automatic drug dispenser Dispensing the correct medication when required, as defined by the EPR and updated 
by the GP when necessary.
6.3 Methodology
Because the elements of a 2nd generation telecare system are not yet commercially available it is not 
possible to quantify any resulting health outcome benefits. It should also be noted that one of the 
assumptions currently made when performing a health economics cost analysis is that costs falling 
outside the specific budget of the health service are excluded as costs attributable to other parties are not 
pertinent to the problem of maximising outcomes from a specific budget13681. However, telecare systems 
are likely to impact on several budget holders (Health, Social Services, Housing) and therefore 
performing a health economics cost analysis on a telecare system would not, under these assumptions, 
provide the true system costs. Therefore, although the rules of an economic evaluation have been 
adhered to, a systems approach has been undertaken in an attempt to establish all of the costs and 
benefits independently of where those costs/benefits may be evident.
The approach adopted for the cost analysis model is that of a quantitative analysis based on quantifiable 
and attributable costs where only those costs required for the purposes of decision making have been 
included as described by Drury13691. Throughout the analysis, assessment of the potential of equipment 
and possible costs has been based on available information. Where possible, Government or other 
authoritative published figures have been used. Thus when calculating the number of people aged 65 and 
over admitted to hospital per annum, a figure of 32.4% has been used. This is derived from information
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provided by the UK Department of Health12511 and has greater authority even though for the city of 
Birmingham, which is used as an example of current practice in the model, a figure of 46.8% may be 
more appropriate12521.
Where Government or published figures are not available, input from professionals has been used. 
Where conclusive agreement between professionals is not available, any possible savings have been 
disregarded. Thus, while it is generally agreed that early detection of fires will result in a saving for the 
fire service as well as in reduced building damage, quantifying this prospective saving has proved 
difficult and it is not therefore included in the analysis.
Inflation
The problem of measuring returns on investment when prices are affected by inflation is a subject that 
accountants have not fully solved13701. Indeed, there is no satisfactory definition of inflation, but it can be 
regarded as either an upward movement in prices, or a downward movement in the purchasing power of 
the monetary unit[371]. Over the past 20 years many attempts have been made to establish a means of 
accounting for inflation, but all have been unsuccessful13721.
The basis of accounting prescribed by the Companies Act13731 is the historical cost accounting (HCA) 
system that assumes all values are based on the historical costs incurred. In other words no consideration 
is taken for the impact of inflation. This means that 19X9 pounds can be added to 200X pounds and a 
meaningful result obtained13731. The convention holds that assets should be shown in accounts at their 
outlay cost to the business. This approach has the advantage that what a business actually paid to acquire 
the asset is a matter of demonstrable fact and any other value placed on an asset is likely to call for some 
expression of opinion13741. Use of the HCA convention gives the confidence that figures have not been 
manipulated to give one impression rather than another, and with a conservative outlook sought this 
provides the model with the greatest confidence. It has been said that the use of a basis other than HCA 
raises questions about the choice of the alternative13741. The advantage of HCA is that when prices are 
static HCA accurately and fairly shows the profits made by the business and the value of the assets less 
liabilities to the business13731. However, when prices are changing there are difficulties13711:
1. G ross p ro fit is oversta ted . The closing stock tends to have a higher value than goods purchased in 
earlier periods (this is because the closing stock is deducted from the opening stock plus any 
purchases made). However, when the stock is eventually sold it will probably cost more to replace 
than it did when it was purchased.
2. D ep rec ia tio n  is under s ta ted . This is because it is usually based on the historic cost of the fixed 
assets. The fixed assets will eventually have to be replaced at a greater cost than was originally paid, 
so not enough cash may have been set aside to replace them if the depreciation charge is based on 
the historic cost.
3. There is a  loss  on loans. If the entity has put some of its funds into short or long term loans, such 
loans will lose value in a period of inflation.
4. G ain s on borrow in gs. If an entity borrows money on a short or long term basis it will benefit. 
Goods purchased on credit terms, for example, will be settled in money terms, but the monetary 
payment will not be worth as much as it was when the goods were purchased.
Chapter 6
134
With the deficiencies evident with HCA accounting alternatives have been sought, but all of the attempts 
fall within one of two categories13731.
C urrent P urch asing  P o w er
The Current Purchasing Power (CPP) was published in May 1974[375] and involves adjusting the HCA 
using a general price index (the Retail Price Index) so that all items are expressed in £’s of year-end 
purchasing power13731. However, many accountants thought it misleading to adjust specific assets such as 
stock and fixed assets by means of a general price index which was far more relevant to the spending 
power of a family than that of a trader13731.
Current C o st A ccounting
The current cost accounting system is a based on value accounting and requires fixed assets and stocks to 
be included in their accounts at their current value, rather than their historic cost13711. Therefore the value 
of an asset is the cost to which an identical asset could be purchased. However, the accurate 
determination of the replacement cost of an asset can be problematic.
In 1974 the Sandilands Committee was formed to consider whether, and if so how, company accounts 
should allow for changes (including relative changes) in costs and prices13761. The committee considered 
CPP, value accounting systems and cash flow accounting; recommending the development of CCA 
where an asset was valued at its replacement cost13761. SSAP 16[3771 was issued in March 1980 and was 
mandatory, making companies present historical accounts and current cost accounts13761. SSAP 16 was 
considered as a complicated statement but did try to reduce the level of historic cost profit so some 
allowance could be made for the effects of inflation. However, SSAP 16 was very unpopular and was 
subsequently abandoned in 1985[371]. The additional cost of collecting data to make adjustments for 
inflation tend to outweigh the benefits13701.
As a result of the abandonment of SSAP 16, most companies no longer make any sort of adjustment to 
their historic cost accounts in order to allow for inflation13711. Indeed most organisations seem content to 
prepare HCA accounts, presumably considering that they are aware of the inherent limitations 
therein13731. Despite the limitations of HCA there is no accurate method of accounting for inflation and as 
such the HCA accounting system is employed throughout this model with inflation being considered as 
zero. If inflation were included it would tend to overstate the returns13711 and an example of this is 
considered in Chapter 7.
6.4 Model Assumptions
Throughout the development of the model assumptions have been made regarding the benefits and costs 
involved. Full details are provided in the spreadsheet on the attached CD. A summary of applied 
assumptions is provided in Table 6.2.
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Table 6.2: A p p lied  assu m ption s
1. The transmission speed of the present telephone system is not generally sufficient for videoconferencing, in 
reality ISDN, some form of DSL (Digital Subscriber Line)13031 or a communications system using mains 
cables12" 1 may be required. The necessary cost for such systems has not been included due to the 
uncertainty of possible charges. The history of telecommunications suggests that these costs are likely to fall 
with time. Comparison is therefore m ade with the present running costs, namely 4.2p minimum charge for 
short calls and an average of 1 .5p a minute for calls in excess of the imposed minimum charge.
2. Throughout the analysis it is assumed that each user has a telephone, (93%  of older households had a 
telephone in 19941841).
3. For the purpose of costing, all present and proposed users have a pendant system.
4. For the present system the life expectancy of home based equipment is 5 years12401 while for the proposed 
system this is expected to increase to 10 years. Life expectancy of warden scheme and control centre 
equipment is identical.
5. There are 11,618 community alarm users, living in sheltered housing and/or the general community.
6. 5%  of units and 18%  of pendants need replacing annually with the present system12401; it is estimated that this 
will reduce to 3.5%  of units and 16%  of pendants with the proposed system. A ‘faulty’ home unit in the 
present system is replaced with a new unit, whilst the proposed system with self testing, will indicate which 
module needs replacing at a cost of £30 per hardware module, not including fitting. The cost of a  replacement 
pendant is £50, plus fitting for both systems12401.
7. The proposed system requires a small sensor unit in each room, in certain rooms and dwellings mains power 
will not be available; it is thought that this may account for 90%  of users each requiring an average of 5 
batteries. The remaining 10%  having fully hard-wired systems with mains power. Battery life is expected to 
have a mean of 5 years and require replacement by a trained installer, not a warden, friend or family member.
8. Hospitals have access to the pool of data held at the community alarm control centre (EPR ) without incurring 
additional costs. It is presumed that the data collection costs upon admittance with the present system will be 
the sam e with the proposed system. However, a saving in time is highly probable with the proposed system 
and therefore a further potential saving.
9. Human resources are available and transferable, therefore additional community carers are available where 
necessary.
10. No borrowing is needed in year 1 for the present system. Only expenditure in addition to this is subjected to 
borrowing at the base rate of 6%  as of April 200013781.
11. No borrowing is required in year 5 for the present system to replace existing equipment.
12. The residual value of assets (the value of an asset at the end of it’s ‘useful economic life’)13791 is said to be 
zero.
13. W here specific figures for community alarm users are not evident, it is assumed that figures for older people 
can be used. This is based on 87%  of the community alarm users in sheltered housing in Birmingham aged 
65 and over12401 while the average age of new tenants entering Hanover Housing Associations sheltered 
housing schemes is 781781.
6.5 Model Costs And Benefits
For each of the five identified key areas, home environment, community alarm control centre, GP 
surgery and primary care system, hospital environment, and residential care, the costs and benefits are 
presented on the spreadsheet provided on the accompanying CD. However, for demonstration purposes 
the GP surgery and primary care system has been reproduced in Table 6.3. The current system describes 
the costs and benefits for the present community alarm system while the proposed telecare system 
indicates the impact of the alternative, intervention system.
Table 6.3; C osts a n d  benefits f o r  the G P  su rgery  a n d  p r im a ry  care system
Variables Current Proposed
________________________________________________________________________________ System_______ System
Average time for a surgery consultation (mins) [1] 8 .4 8.4
Average time for a home visit (mins) [2] 13.2 13.2
Average travel time for a home visit (mins) [3] 12 12
Number of times medical measurements are outside of agreed parameters 12291 1
Additional phone time required prior to virtual consultation (mins) [5] 2
Additional calls for patients not taking medication [6] 0 .03%
Average time needed for patients not taking medicine (mins) [7] 8
Time required to set up clients medical monitoring parameters (mins) [8] 10
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Average number of surgery consultations [9]
Average number of home consultations [10]
Average additional time required for a virtual consultation [11]
Percentage of unsuccessful virtual consultations (surgery based) [12] 
Percentage of unsuccessful virtual consultations (home based) [13]
Phone line time required for a  virtual consultation (prev surgery) (mins) [14] 
Phone line time required for a virtual consultation (prev home visit) (mins) [15] 
GP travel cost for a home visit 13771 
GP's charge per minute [17]
Percentage of consultations requiring parameters in the home to be edited [18] 
Number of GP's [19]
Cost for each GP/nurse being able to videoconference [20]
Number of nurse visits (week) [21]
Average nurse travel time to client (mins) [22]
Average duration of nurse visit (mins) [23]
Number of nurse visits per day per nurse [24]
Nurse charge per day including overheads [25]
Saving due to early detection and cheaper prescriptions [26]__________________
232
15
12.5
7.96
£161.54
£12.03
£0.84
5.07
1.43
£560.00
£161.54
£11.16
£12.03
£0.84
15%
574
5.07
1.43
2.4
0.5%
1.0%
12.8
17.6
232
15
12.5
8.30
D escription points
1. This is the average duration of a GP consultation performed in the surgery. Obtained from the 
General Medical Practitioners’Workload Survey 1992-9313801.
2. The average duration of a GP consultation performed in a patient’s home. Obtained from the 
General Medical Practitioners' Workload Survey 1992-9313801.
3. The average GP travel time required when performing a home visit (includes return travel time). 
Obtained from the General Medical Practitioners' Workload Survey 1992-9313801.
4. Due to the medical monitoring equipment in the home, physiological data will be gathered and 
compared with allowable parameters, defined by the GP. This value indicates that during the first 
year of operation each user, in addition to the normal number of consultations, will require an 
additional consultation because they are outside of the initial parameters defined by the GP. In 
subsequent years when users are outside of their allowable parameters, consultations are 
incorporated as one of the average consultations performed throughout the year and indicated in 
description points 9 and 10 below.
5. When performing a virtual consultation in order to ensure efficiency a patient is contacted 2 minutes 
prior to the consultation to ensure that they are present and ready. Whitten e t a l suggest 2 minutes 
based on a videoconferencing trial with nurses13811. 6
6. Through the use of an automatic drug dispenser in the proposed system, the home equipment can 
indicate if medication is not being taken. The figure shown is an estimate of the percentage of 
people who this may account for. The detection of non-compliance must be agreed between the 
doctor and patient or representative of the patient before such monitoring takes place. The difficulty 
of prescription non-compliance together with other adverse drug reactions is a major problem with 
older people in many developed countries13821, although obtaining a figure for this has not been
possible.
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The detection of non-compliance may result in the GP inheriting costs which previously they may 
not have observed, previously prescription non-compliance may have by passed the GP and resulted 
in hospital admission instead. The preventative measure of detecting non-compliance early on 
should result in the overall health zone saving money because the patient’s health should not 
deteriorate by as much. When the GP is informed of non-compliance it is presumed that a virtual 
consultation takes place and the time needed for this described in 7. In addition to the virtual 
consultation there are 3 telephone calls in this process. One from the home to the GP raising the 
alarm, the GP updating the control centre home record (EPR) and it is presumed that the control 
centre will contact the home and amend the parameters when the home based system is to alert the 
GP of non-compliance. This is based on the assumption that the GP will want to increase the 
monitoring of the drug regime and be informed of non-compliance earlier than at present.
7. Indicates the average virtual consultation time required for patients who have not complied with 
their drug regime. It is presumed that only 1 consultation is necessary.
8. When the proposed system is first installed in a users home, the doctor needs to define the initial 
medical parameters for the medical monitoring equipment. It is assumed that this is achieved 
through a remote consultation. However, it could be achieved by a nurse or become part of a normal 
GP consultation. It could also be included in the compulsory annual screening for people 75 and 
over1101.
9. This indicates the average number of consultations that older people, and by implication community 
alarm users receive, per annum, at the surgery. A 1994 Office of Population Censuses and Survey 
suggests that those aged 65 to 74 have 6 consultations and those aged 75 and over have 7[45]. In 
Birmingham of those people aged 65 and over, 52% are 65 to 74, and 48% aged 75 and over13831. 
Therefore a split of 50:50 has been used to indicate the number of consultations per user per annum, 
resulting in a figure of 6.5 consultations per annum.
In 19941841 the average number of surgery consultations was 69% for people aged 75 and over and 
87% for those aged 65 to 74. Taking the 50:50 split again indicates that 78% of consultations are 
performed in the surgery and 22% in the home. For each user this represents a figure of 5.07 
consultations per annum for surgery-based consultations and 1.43 for home visits.
It is evident that in the proposed system the number of consultations remains the same however, this 
can be altered from the ‘Cost analysis’ worksheet, (see cells A:25 and A:26 in Appendix A6.1 or the 
accompanying CD).
10. Explanation is provided in 9.
11. As indicated in 1 present surgery based consultations are approximately 8.4 minutes in length while
home consultations take an average of 13.2 minutes 2. Telephone consultations with a GP currently
requires 10.8 minutes13801, which is 2.4 minutes longer than a present surgery based consultation, this
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additional 2.4 minutes has been added to the virtual consultation times. Therefore, a virtual 
consultation that was previously a surgery visit is set at 10.8 minutes, while a virtual consultation 
that was previously conducted as a home visit is calculated as 15.6 minutes.
It would be anticipated that a virtual consultation would require less time than a telephone 
consultation due to the ability to see images, however a conservative outlook has been sought 
throughout the model and the full additional time included. Currently telephone consultations 
represent 12.3% of all GP consultations13801, however details of what proportion of older people use 
this method has proved unobtainable and hence telephone consultations have not been given specific 
attention. Rather they are assumed to be part of the normal number of consultations defined in 9 and 
10. It could be suggested to distribute telephone consultations according to the proportion of the 
population who are aged 65 and over, however it was considered that such a breakdown would be 
speculative and that telephone consultations for older people were more likely to result in a physical 
consultation. This is because patients who describe vague symptoms associated with chronic 
conditions over the telephone are considered as difficult to assess by doctors because of uncertainty 
whether symptoms indicate something new or are part of a ‘long-standing illness’. The result is that 
such difficult cases often result in a physical consultation13841. According to the Department of 
Health12441, 41% of those aged 65 and over suffer from such ‘long-standing illnesses’.
The percentage of consultations to be performed virtually is indicated on the ‘Cost analysis’ 
worksheet (see cells A:27, A:28 in Appendix A6.1).
12. It is recognised within the model that some virtual consultations may not provide the necessary 
information and that an additional consultation is required. This parameter indicates the percentage 
of unsuccessful virtual consultations that then require a consultation in the surgery.
13. This parameter indicates the percentage of unsuccessful virtual consultations that would require a 
further home visit.
14. This indicates the telephone time required for a virtual consultation that was previously based in the 
surgery. It includes the telephone line time before a consultation as indicated in 5, the duration of 
the consultation 1, and the additional consultation time 11.
15. Indicates the required amount of telephone time required for a virtual consultation that would 
previously be a home visit. 16
16. An estimate is made for the monetary cost of travelling for a home visit. This is calculated from the 
average travel time for a home visit 3 being 12 minutes, which assuming an average speed of 30 
mph would indicate an average journey of 6 miles. Using a cost of 33p a mile would equate to 
approximately £2 per home visit, while 12 minutes travel time is included based on the cost per 
minute described in 17.
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17. The monetary cost of each minute of a doctor’s time is suggested. This is calculated from estimating 
the average annual doctor’s wage at £45,000 and charges for office space and human resources as a 
multiplier of 2.25. The resulting figure of £101,250 is then represented as a charge per minute. In 
calculating the charge per minute no account is taken for annual leave, therefore the time 
denominator is calculated as indicated in Equation 6.1.
number o f  w eeks in a year * average number o f  hours worked15 * number o f  minutes in an hour 
= 52 * 38.84 * 60 6.1
18. This indicates the percentage of GP consultations that require the parameters in the home record to 
be altered, i.e. changing the home record to reflect changes in drug regime, for an automatic drug 
dispenser or altering the parameters for generating alerts from the lifestyle monitoring sub-system.
19. In Birmingham there are 242 GP practices and 574 GP’s13851. In order that all of the GP’s can 
perform videoconferencing each of them is provided with the necessary equipment on a 1 -to-1 basis.
20. Based on the home equipment cost for a user, 80% of this cost represents the cost of the GP and 
nurse equipment. This allows the GP and nurse to effectively communicate with patients for 
videoconferencing and also have access to the community alarm control centre and home record 
(EPR). The cost also includes additional telephone exchange technology.
21. This figure shows the number of nurse visits to community alarm users in a week. This figure is 
estimated from the survey results in Chapter 3. Access to the exact information for Birmingham 
City Council has not been possible.
22. The average travel time in-between nurse visits. This is based on some local authorities averaging 
the travel time of carer visits at 15 minutes13861.
23. The average duration of nurse visits in the UK has been suggested at between 10 and 15 minutes, an 
average has been taken for the model13811.
24. Shows the average number of nurse visits achieved by a single nurse in any given day, based on the 
information provided above. For demonstration purposes the figure of 8.30 for the proposed telecare 
system includes 7.5% of nurse visits being performed virtually, clearly the more consultations 
performed via videoconferencing, the greater the number of consultations performed as 
videoconferencing reduces the travel time.
25. This figure is an estimate of the daily cost of a nurse. It is calculated on the basis of £14,000 as a 
wage and a multiplier of 3 as an overhead. This figure is then divided into a charge attributable to a 
day. The overhead of 3 includes car and transport costs, as well as office space. The overhead is
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considered the same in the proposed system, although efficiency will improve through the use of 
virtual nurse visits.
26. Due to the prevention element of the remote medical monitoring, it is believed that less expensive 
’strong’ medication will be needed, as treatment can begin earlier than at present. There are also 
savings in terms of a reduced treatment period and, hence fewer drugs in certain circumstances. The 
figure presented is derived from the basic cost of prescription items dispensed in 1995 as £3,681 
million13871, with older people accounting for 25-30% of this expenditure13881. For the purpose of the 
analysis the average is assumed at 27.5%, giving a total cost on prescription drugs for older people 
as £l,012m.
Taking an average of the number of people aged 65 and over in the UK from Age Concern1613891, the 
Institute on Ageing171291 and the Joseph Rowntree Foundation181321 gives a mean of 9,071,226. 
Therefore, the prescription costs per older person is £1,012/9,071,226 = £111.59. For the reasons 
stated it is assumed that this can be reduced by 10% per person per annum, giving a saving of £11.16 
per user
6.6 Model Variables
The above indicates what the baseline figures are for the GP surgery and primary care system, each of 
the five identified sections of the model are structured in the same way. The opening worksheet titled 
‘Cost analysis’ (see Appendix A6.1 or the accompanying CD) presents the results and allows the 
investigation of what may be considered as the main components. This allows the easy investigation of 
different scenarios to be investigated. These are highlighted on the ‘Cost analysis’ worksheet from cells 
A:24 to A:38 in Appendix A6.1; with each variable having the capability to be modified for any of the 10 
years in the system cycle; therefore allowing the impact to be investigated as the system becomes more 
widely implemented. The particular variables and generation of critical values for investigation are:
Duration of hospital stay
A 1998 figure for people aged 65 and over from Hospital Episode Statistics indicates a mean stay of 
10.03 days in Birmingham and a mean stay of 9.5 days on a national scale12511. The national figure has 
been used as the baseline in the calculations as the population base to derive this is greater than that of 
Birmingham.
According to Government Expenditure Plans13901, the average unit cost for acute care is £990 per case, 
the duration of which was 6.7 days. The duration is less than that used as the baseline because this 
accounts for people of all ages with younger people traditionally being discharged earlier than older 
people. This figure is however used to calculate the average cost of an acute hospital bed per day as: 1678
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17 Suggest 9 ,036,000 people aged 65 and over
18 Suggest 8 ,991680 people aged 65 and over
900£-----= £147.766.7
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Similarly the cost of a geriatric bed per day is calculated at £135.35. The model uses an average of these 
figures (£141.56) to account for the fact that older people will be present in both sections of the hospital.
In addition to conventional community alarm users, it may be beneficial to provide some hospital 
patients with a community alarm for a short period after discharge. Further diagnostic enhancements, 
targeted at specific medical conditions, could in future be added to the telecare system if required11471. 
Such options have not been included in the model due to the uncertainty of estimating the percentage of 
people for whom this may be possible and the uncertainty of operating costs.
Published literature indicates that one of the benefits of telecare and telemedicine is early release from 
hospital158' 135' 298’ 357]. However, an indication of exactly how much earlier discharge could be are 
lacking. In order for the model to represent changes that may occur it is necessary to accurately predict 
the impact of the proposed system and obtaining such figures can be difficult. A review of the UK 
literature could not uncover any suggested figures for the impact of telecare on the duration of a hospital 
stay. However, an American study by Roush et analysed 106 people with an average age of 79, 
one year before they were provided with a community alarm and subsequently one year after its 
installation. In terms of the duration of hospital stay the results indicated that there was a reduction from 
9.2 to 5.7 hospital days per user. Other evidence to support these results is not forthcoming, and the 
shortcomings of the Roush study may be suggested as:
■ The study is based in America, and comparing the results to the UK may not be representative.
■ Community alarm users may be not be in the same health state as their UK counterparts.
■ The intervention was a community alarm and this cost analysis uses the community alarm user as its 
base and seeks to investigate the intervention as a telecare system.
■ Inadequate sample size (106) to be conclusive.
The actual figures used throughout the model were derived from a review of the literature and discussion 
with the project review group (Prof. D Bradley, Pentyre, HET, TeleLarm, Birmingham City Careline 
service). The model therefore reduces the duration of a hospital stay from 9.5 to 8.5 days, although 
investigation of the various sensitivity analyses allows this reduction to be altered.
In reducing the duration of a hospital stay it is recognised that early discharge from hospital and 
technological home monitoring cannot provide the hands on care that some people may require. In order 
to address this the model incorporates additional nursing and home care in the community immediately 
after discharge and in addition to any care plan that may be in place. This is graphically represented in 
Fig. 6.2.
142
Chapter 6
d is c h a rg e
P resen t sy stem
P roposed  sy stem
Hospital Possibledischarge
Com m unity c a re  (if p resent)
Hospital * Com m unity care  Of p resent)
yd isc h a rg e
time x time y
Advanced community alarm and additional community care.
Figure 6.2: Achieving early hospital discharge
The number o f  additional hom e care visits is calculated as:
Additional Home care visits =
(Average hospital duration in present system -  Average hospital duration in proposed system) * 1 . 5  6 .3
Therefore, i f  in year 5 o f  the 10-year system life cycle the average duration o f hospital stays is suggested  
at 8.5 days, and the present system  maintains the current duration o f  9.5 days, then the average number 
o f  additional hom e carer visits per discharge is estimated at (9 .5-8 .5) * 1.5 = 1.5. A  cost o f £10[71] for 
each visit is used.
The average number o f additional nurse visits is calculated by Equation 6.4 with the cost estimated by 
Equation 6.5.
Additional nurse visits =
0.85 * (Average hospital duration in present system -  Average hospital duration in proposed system) 6 .4
D aily nurse cost[25] 161.54--------------------------------------------------= ---------- «  £20 6.5
Number o f nurse visits per day [24] 7.96
Percentage o f  admissions to hospital
A s previously indicated, 32.4%  o f people aged 65 and over can be anticipated to receive hospital 
treatment each year. The m odel presumes this figure as the present system  figure and provides the 
capability to increase or decrease this figure over the 10 years o f  the proposed telecare system .
Although there is published literature to suggest telecare could achieve early discharge from hospital 
there does not appear to be any evidence that telecare could reduce the number o f people admitted to  
hospital. It would appear there is agreement that telecare can be used in prevention, drawing attention to  
m edical situations at the earliest possible juncture, but no evidence exists to suggest this w ill reduce the 
number o f people entering hospital. Referring to the American study by Roush et a /[1711 indicates that a 
25% reduction in hospital adm issions was observed, specifically hospital adm issions fell from 1.18 to 
0.88 per person. The m odel incorporates a reduction from 32.4%  to 32% in order to maintain a 
conservative outlook, although this decrease is altered in the sensitivity analyses.
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Bed Blocking
Of those in hospital at any one time, 20% of people aged 75 and over are ready for discharge but the 
appropriate arrangements or provision has not been made13201. Similarly people 65-74 may also be ‘bed 
blockers’ but an authoritative figure has proven difficult to obtain and as such any reduction that may be 
obtained for people of this cohort has not been included. Due to the improved access and greater 
amounts of information stored at the community control centre and indicated in Chapter 5, the proportion 
of people termed as ‘bed blockers’ should decline. It could also be easier to find accommodation in 
residential homes as discussed below. In order to maintain a conservative outlook it is assumed that the 
people who ‘block’ beds, do so for only 1 day.
Residential Care
Residential care is provided for those individuals who, even with domiciliary support, cannot manage to 
live in their own homes, but who still do not need intensive nursing care131. Tinker suggests that 5% of 
older people live in some form of institutional care; mainly old people's homes or hospitals131. Figures 
for Birmingham suggest that some 3.5% of older people live in residential care[252] and this lower figure 
is used in the model as it is believed this has a greater accuracy. Assistive technologies and telecare have 
the potential to provide an infrastructure to support people in the community instead of residential care. 
For instance, in West Lothian, Scotland, there is a plan to replace 3 residential homes with 105 smart 
houses linked by telecare services11421.
Within the cost analysis model it is possible to reduce the percentage of the population in residential care 
to zero or alternatively increase it. Many older people view residential care as a last resort110' 3911 and 
because of this for each new person entering residential care the model provides the capability to delay 
entry. In a similar fashion to the earlier discharge from hospital, additional community support is 
provided during this ‘delay’ period. This consists of extra carer visit every day and 3 additional nurse 
home visits (physically in the home) per week, however these figures can also be altered to investigate 
the impact of changes. The period of ‘delay’ is estimated at 8 weeks, but provision for modifying this 
‘delay’ period is provided.
Change in the number o f consultations
One of the consequences of the introduction of the proposed telecare system is that with the medical 
monitoring in the home, greater efforts will be made in prevention, identified as a key goal of western 
governments. As medical problems are diagnosed earlier than at present it may result in a single GP 
consultation being sufficient as opposed to two or more consultations if the users health deteriorates to 
the point when they seek medical intervention. Conversely, medical monitoring in the home may result 
in the detection of medical problems that currently go by without notice; as a result the GP may 
encounter more consultations than at present. Evidently, the key is to accurately define the parameters 
for the home medical monitoring equipment in order to ensure that inappropriate alerts are not generated.
The model includes the possibility to both increase and decrease the number of surgery consultations and 
home visits. It should be noted that an analysis of the literature reveals that no attempt has been made to 
estimate the impact of telecare systems on the GP. It would appear there is recognition of a general
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move from secondary to primary care, with increasing numbers of patients being discharged earlier from 
hospital to community services13921 but this trend is likely to be accelerated with the implementation of 
telecare systems. The model also allows for changes in the number of nurse visits.
Virtual consultations
The use of videoconferencing could, at a relatively low cost, be incorporated into the primary care 
system. Small scale initiatives have proved to be a success13931 and it has been suggested that 
approximately 15% of nurse visits could be performed through this method, although this is likely to be 
an underestimation of the potential rather than vice versa12161. A review of published literature does not 
reveal the proportion of GP consultations that could be performed virtually, however there is evidence to 
suggest the majority of a medical consultation is centred around speech and not necessarily sight11771.
The model provides the possibility to introduce virtual consultations as a replacement for GP 
consultations previously provided in the surgery and by home visits. Allowance is also given to nurse 
consultations being provided by this method. As indicated by description points 12 and 13 above, it is 
recognised that some consultations performed virtually will not provide the necessary information and 
that an additional physical consultation will be required.
Emergency Services
Published literature indicates that one of the benefits of telecare and telemedicine is a reduction in 
ambulance calls1721. This may be achieved through a reduction in the number of people being transported 
to hospital, while early diagnosis ensures that for some people an emergency admission to hospital can 
be avoided. Agreeing a saving has not proved possible and hence savings, although likely to be evident 
by the ambulance service, are not included in the model. Details of possible savings are highlighted on 
the ‘Emergency services’ worksheet in Appendix A6.5. Despite the uncertainty and ultimately the 
removal of financial savings for the ambulance service from the model, it is accepted that there will be a 
change in the number of telephone calls observed at the control centre. This change has been included as 
the associated costs are known. (See ‘Control centre C: 12, Appendix A6.3)
Savings for the police service could also be observed in the proposed telecare system. It is estimated that 
an advanced security system will reduce the amount of crime encountered by telecare users in their 
homes by 20%[394). Alongside the direct financial benefit to the police of reduced crime and burglary 
there could also be a reduction in the stress experienced by users with one publication suggesting 25% of 
older people feel unsafe in their own homes during the day, increasing to 40% at night1411. Again, 
quantifying an appropriate financial saving for reduced crime has proved difficult and therefore is not 
included, although a reduction in the number of telephone calls to the control centre is included.
In total, an estimate of the overall savings achieved by the emergency services and directly related to the 
proposed telecare system could be in the region of £8-£14 per user per annum. Such a figure is not 
universally agreed, and is not therefore included in the analysis.
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6.7 Conclusions
There is no question that there is a need and desire from academics and professionals for a greater 
understanding of the financial implications of telecare and telemedicine. However, as demonstrated 
developing a tool to investigate the potential is not a straightforward task while access to the appropriate 
information is a time consuming exercise.
The model created is based upon standard health economic evaluations as suggested by the NHS 
Research and Development Health Technology Assessment programme. Accounting procedures have 
been adhered too and the Historical Cost Accounting (HCA) protocol used. As such no account of 
inflation is included as the profits are exaggerated and therefore the use of HCA provides confidence that 
figures have not been manipulated to give one impression rather than another.
A conservative outlook has been sought concentrating on tangible benefits. Intangible benefits, such as a 
reduction in travel time and cost for patients, an increase in social contact for those who seek it, a 
reduction in stress and anxiety for patients and their relatives, all of which are likely to add to the overall 
savings have not been included. By concentrating on the attributable and quantifiable cost variables, and 
hence a conservative outlook, a greater degree of confidence in the outcome can be secured.
The model compares the current community alarm system and compares a proposed telecare system over 
a 10-year system life cycle. The model enables many of the proposed telecare system parameters to be 
modified, enabling particular themes to be investigated. Therefore, enabling the highlighted sensitivity 
analyses to be performed.
The model developed has various Microsoft Excel worksheets which contain the 5 key areas, for 
example home environment, community alarm control centre, etc. The costs and benefits for each of 
these areas are identified and presented as indicated by Table 6.3. Each value can be altered, however 
the figures used for the key areas are the most accurate ones available. The opening worksheet ‘Cost 
analysis’ (see Appendix A.6.1) allows various scenarios to be run and values altered as this worksheet 
considers the impact and ‘take-up’ of the intervention system and not specific costs. Chapter 7 discusses 
and presents the results obtained from the model.
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7  C o s t  A n a l y s i s  R e s u l t s
Chapter structure: Having created a cost analysis tool the model is investigated and the results reported 
using various economical assessment procedures.
The formulation of a cost analysis spreadsheet provides the capability of generating a very large number 
of results and consequently there can be difficulty in presenting them. This chapter therefore presents an 
expected model, where the parameters and changes in service delivery are anticipated, before using the 
various forms of sensitivity analysis identified in Chapter 6:
■  Single point analysis: varying a single point within an allowable range.
■  Threshold analysis: defining the system performance in order that the proposed system is profitable.
■  Multiway analysis: varying key parameters within a possible range of values.
■  Extreme scenario analysis: examining the system with a pessimistic and optimistic outlook.
7.1 The Expected Model
In order for the proposed telecare system to be used more in a preventative way, advanced and hence 
more expensive technologies will be required. Table 7.1 indicates the initial expenditure for the present 
community alarm system and the proposed telecare system. The figures are based on a city such as 
Birmingham assuming a total of 11,618 users.
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Table 7.1: Comparison of initial system expenditure
Cost (£)
Technology costs Present system Proposed 
telecare system
Technology cost of home based equipment
£1 7519 20 £700zo
Hom e based equipment cost 1,909,000 7,487,000
W arden schemes 141,000
Control centre 50,000
GP and nurse equipment 337,000
Sub total 1,909,000 8,015,000
Installation and training
Creation of each users computerised medical home record for 
telemedicine
97,000
Installation of home based equipment inc. training of end users 208,000 262,000
Installation of GP/nurse equipment 15,000
Staff training at 10-20%  of capital costs21 20%  is used as a conservative 
measure
71,000 176,000
Sub total 279,000 550,000
Total Initial expenditure 2,188,000 8,565,000
A d d i t io n a l  e x p e n d i tu r e  fo r  p r o p o s e d  s y s t e m s 6,377,000
In order to compare the two system costs of the present and proposed system over a 10-year system 
lifecycle it is necessary to include all of the present system costs. For example, the cost of staff training 
are included in the present system, although in reality this cost would not be evident as the system is
19 Personal Communication, Ms Pauline Poole, Birmingham City Council, Careline manager.
20 Personal Communication with suppliers (TeleLarm, Technology in Healthcare) and the project review group.
21 Between 10-20%  of capital costs is needed for re-engineering in order to achieve maximum potential13951.
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already operating. However, in order to directly compare one system with another, these costs must be 
included, as they are relevant to the purpose of decision making as described by Drury13691.
It is evident that the capital and related costs of the proposed telecare system are approximately 4 times 
that of the present system. These costs do not however show the complete cost, only relevant costs; 
therefore the real figure for both systems will be higher. For example, the cost of the control centre and 
warden equipment is evident in both, but in terms of making a decision, only the additional equipment 
costs for the proposed telecare system are included. The home based equipment in the community alarm 
system has a life expectancy of 5 years, while in the proposed telecare system this is set at 10 years. In 
order to compare both systems over a 10 year lifecycle it is therefore necessary to replace all of the 
community alarm home based equipment in the fifth year of operation. This costs approximately £2m. 
Even with this cost included, equipment costs for the proposed telecare system would still be 
approximately 50% more, comparing £4.1m to £8.6m.
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P o ssib le  savin gs
If the cost of installing a system based on advanced, and hence more expensive, technologies is to be 
financially justified there must be compensating savings. Maintenance savings of £64,000 per annum are 
indicated in Table 7.2, saving £0.64m over the 10-year system life cycle, an almost insignificant amount.
Table 7.2: M aintenance expenditure
D escrip tion C ost (£)
Maintenance expenditure Present
system
Proposed 
telecare system
Home based equipment £99,000 £17,000
G P and nurse equipment £1,000
Pendant and battery replacement £127,000 £144,000
Total maintenance expenditure £226,000 £162,000
If the proposed telecare system is to be cost-effective then there must be significant operating savings to 
finance the initial expenditure. The 2nd and 3rd generation telecare systems enable more advanced 
communication possibilities and consequently the present health, care and support system will need to 
adapt to these changing circumstances, Table 7.3 indicates the change in specific areas. It should be 
noted that the proposed telecare system does not radically change service delivery in the first year of 
operation, instead the change is gradual as the use of telecare services become more widespread. The 
operating figures for the present system are the same throughout the system lifecycle and this is a 
reasonable assumption based on the community alarm system not altering in the last 10 years11151.
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Table 7.3: Service im plica tion s f o r  the p ro p o se d  te leca re  system
Chapter 7
Affect on service providers Operational year of the proposed telecare system
ui f j iu f ju s e u  s y s te m  -
Community alarm users 
only
Present
system
Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
Reduction in GP surgery 
consultations (physical 
and virtual)
0 0 0 0 0 0 0 0 0 0 %
Reduction in GP home 
visit consultations 
(physical and virtual)
0 0 0 0 0 0 0 0 0 0 %
Percentage of G P surgery 
consultations to become 
virtual
10 12.5 15 17.5 20 22.5 25 27.5 30 32.5 %
Percentage of G P home 
visit consultations to 
become virtual
15 17.5 20 22.5 25 27.5 30 32.5 35 37.5 %
Percentage of nurse visits 
to become virtual
7.5 10 12.5 13 13 13 13 13 13 13 %
Probability of a community 
alarm user being admitted 
to hospital (percent).
32.4 32.2 32 32 32 32 32 32 32 32 32 %
Average duration of a 
hospital stay for client 
base.
9.5 9 8.75 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 Days
Average additional care 
visits due to early hospital 
release (per discharge)
0.8 1.1 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 Days
Average additional nurse 
visits due to early hospital 
release (per discharge)
0.4 0.6 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 Days
Percentage of people in 
hospital delayed in 
discharge -  Bed blockers
20 18 16 14 12 10 10 10 10 10 10 %
Percentage of people in 
residential care
3.5 3.38 3.25 3.13 3 3 3 3 3 3 3 %
Using these service delivery changes within the cost analysis model reveals that there is the potential for 
significant savings, as identified in Table 7.4. It should be noted that the population size is based upon 
11,618 and not the total number of older people in Birmingham. For example, the number of people 
presently admitted to hospital can be calculated as:
0.324 x 11,618 = 3,764person s 7.1
with a hospital stay of 9.5 days at a daily cost of £141.56. Therefore, the total cost for hospital 
admissions in the present system is:
3,764x9.5x141.56 = £5 m illion 7.2
including the cost of bed blocking indicates the total cost, as is shown in Table 7.4.
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Table 7.4: Operating expenditure in the present and proposed systems
Chapter 7
Proposed telecare system
Operating costs (£ x 000)
Present
system
Year 1 Year 3 Year 5 Year 7 Year 10
Forced entry to properties 23 18 18 18 18 18
Unsuccessful carer visits 3 = 0 = 0 = 0 = 0 = 0
Telephone (inc. control centre, GP/nurse) 14 36 33 34 35 37
G P  surgery consultation 413 526 330 336 342 351
G P home visit consultations 383 330 322 314 306 294
Nurse visit (change to virtual 
consultations)
245 147 143 142 142 142
Hospital bed costs 5,098 4,858 4,618 4,611 4,611 4,611
Residential care 5,603 5,392 4,993 4 ,793 4,793 4,793
Total 11,782 11,307 10,457 10,248 10,247 10,246
At present if a community alarm is activated and the control centre operator cannot obtain a response 
from the user, this can lead to a forced entry to the property as the operator is unsure if the caller needs 
assistance. It may have been a cat activating a pull cord or the caller may have collapsed after activating 
their community alarm. Forced entry to a property can also be sought if the warden on a sheltered 
housing scheme is concerned for a residents well being, as they believe they are in their home but 
conformation of the users well being cannot be obtained. The lifestyle monitoring element of the 
proposed system in combination with the security system can provide data concerning whether anyone is 
in the dwelling and hence only when forced entry is necessary will it actually occur. This can potentially 
save £5,000 per annum. Likewise, the lifestyle monitoring system can, in combination with individual 
carer’s timetables and hospital admittance data, ensure that where users have been admitted to hospital, 
the appropriate carer’s timetables can automatically be updated and unnecessary visits avoided.
The proposed telecare system relies on a telecommunications infrastructure to provide secure and 
accurate data transfer between relevant parties and the telephone variable in Table 7.4 gathers together 
all telephone operating costs for the proposed telecare system. Approximately 60% of the telephone 
costs originate from additional telephone calls between each users home and the control centre for data 
transfer, ensuring that data is ‘backed up’ and also testing the status of the telephone line on a regular 
basis.
The other large constituent (22%) of the telephone costs is due to videoconferencing for GP’s and nurses. 
For the proposed telecare system it is anticipated that in the first year of operation there will be an 
additional virtual GP consultation for each user because they fall outside of parameters defined by the 
GP. In addition, there will also be a telephone cost in originally defining the medical parameters on the 
users home system and storing the data at the community alarm control centre in the EPR. These ‘set up’ 
costs explain why year 1 observes a greater expenditure than in year 3. After the initial ‘set up’ costs 
telephone operating costs increase due to the expected growth in virtual consultations expressed in Table 
7.3. Overall telephone costs increase by in excess of 250% in the proposed telecare system.
Similar to telephone operating costs, the cost of surgery based consultations also increases in the first 
year. This is due to the costs involved in defining the medical parameters for each individual and for the
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anticipated additional consultation when they fall outside of these parameters. The gradual increase from 
the first year onwards arises from an increase in virtual consultations that replace some consultations 
previously carried out in the surgery. This type of consultation saves the patient time, without the need 
to travel to the surgery, but increases the time needed by the GP to perform their duties, assuming that a 
virtual consultation takes 2.4 minutes longer than a physical consultation in the surgery. It may be that 
patients would welcome such a possibility but it remains to be seen if GP’s would be prepared to offer 
such functionality. However, GP home visit consultations produce savings from year 1 due to a 
reduction in the need to travel to a patient’s home and the associated expenses. Any time saved for GP’s 
has been included as a financial saving but the time saved has not been apportioned to any other activity.
Virtual nurse visits also result in reduced costs in the proposed system by reducing the need to travel to 
users homes. Thus, for each home visit performed through videoconferencing it is estimated that there 
will be a saving of 12.5 minutes travel time together with the associated costs. The increased telephone 
costs for videoconferencing are provided in the telephone section of Table 7.4. Table 7.3 shows that 
from year 4 onwards, the percentage of nurse visits that could be achieved through videoconferencing 
does not alter and hence the potential savings do not increase from this point.
Figures suggest that the NHS costs around £115m a day to run[396). Table 7.4 indicates that the adoption 
of the proposed system in a city such as Birmingham, could save in the region of £250,000 in operating 
costs during the first year of operation, increasing to £500,000 in the fifth and subsequent years. It 
should be noted that such sums only take into account relevant costs such as ‘bed blocking’ and 
occupancy, and not the totality of possible savings. It is believed that further savings could be evident if 
more specialised equipment was provided for general patients on a short-term basis after discharge, as 
suggested in Chapter 6.
Table 7.4 indicates that one of the most significant savings is in the area of residential care. This is due 
to a reduction in the number of people in care declared in Table 7.3 and the ‘delay’ in entering care, the 
duration of the delay is estimated at 8 weeks in the expected model. Further reductions after year 4 are 
not evident because the variables defined in Table 7.3 do not alter from this point.
In total, on a conservative estimation Table 7.4 suggests that the proposed telecare system can save in the 
region of £475,000 in the first year of operation, while in the fifth year operating savings, in the order of 
£1.5 million are suggested. These calculations assume the present operating costs remain consistent 
throughout the 10-year life cycle. It may be that the operating costs decline but such savings would also 
be available to the proposed telecare system and under relevant costing accountancy procedures are not 
calculated.
Financing
Despite the significant potential savings in Table 7.4, if the proposed system is to be introduced it is clear
from Table 7.1 that substantial initial borrowing would be required and this must be included as a cost of
the proposed system. Assuming that the loan is paid for out of the proceeds of the project as profits
occur, with an interest rate of 6% at the start of the first year there would be £6.4m outstanding. It is not
151
Chapter 7
until the fifth year that breakeven is achieved and thereafter a positive cash flow is secured. Continuing a 
conservative outlook it is assumed that no interest is gained on finance after the loan has been repaid. As 
such, by the end of the system life cycle, in year 10, there is an accumulated return in the order of £8.3m 
compared to the present system, as shown in Fig. 7.1.
If this sum were not absorbed elsewhere, this would effectively finance a new replacement system 
without the need to borrow in the future. The savings with future systems, 10 years hence, would then be 
even greater as the initial borrowing requirement would be removed and the relatively slow ‘take up’ of 
telecare suggested in Table 7.3 would be replaced with operating levels suggested in year 10 (of Table 
7.3). At the end of year 10 it is probable that the proposed telecare system could be purchased again at a 
lower price than it would be today. Technology and systems develop and new enhanced systems would 
be available and sought after, offering improved functionality and further potential operating savings. 
Such systems would again be at the cutting edge of technology with an appropriately higher purchase 
cost.
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Year
Figure 7.1: Projected cash flow while paying the loan out o f the proceeds o f the project
Fig. 7.1 indicates there is a significant increase in cash flow during year 5. This is due to the community 
alarm system needing to replace the home based equipment as it’s life expectancy is only 5 years while 
the proposed telecare system has an expectancy of 10 years. The cost of replacing the community alarm 
equipment is approximately £2m and because it is not evident in the proposed telecare system, is a 
saving.
Fig. 7.1 uses an interest rate of 6% but Fig. 7.2 suggests that even if a higher interest rate is used there is 
still financial evidence for the development of telecare systems alongside the generally accepted 
qualitative benefits. Indeed, if the interest rate were raised to 14%, there is still a return of almost £5m at 
the end of the 10-year system life. Therefore, even at this rate the proposed system pays for itself and 
provides finance towards its own replacement.
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Figure 7.2: The effect o f interest rates on profitability
An alternative funding regime to paying the loan off through the proceeds of the project as profits occur, 
i.e. as quickly as possible, is by paying the loan off over a fixed time period, typically at 5 and 10-year 
intervals. In each case the annual repayment is calculated on the basis of Equation 3 such that the loan is 
paid off at the end of the period.
Balance Carried Forward = Starting Balance + Annual Interest -  Annual Re payment 7.3
Assuming the same interest rate, namely 6%, the annual repayment for the 5-year repayment model is 
£1,513,835 for the duration of the loan therefore requiring £7,569,175 to be repaid in total. This is 
slightly less than the previous repayment method (£7,917,599) but does not take account of the 
additional borrowing that would be required to cover the operating losses over the initial 4 years as 
depicted in Fig. 7.3. At the end of the 10-year system life cycle, based on this repayment method, the 
proposed system approaches a saving of £8.7m
Figure 7.3: 5-year repayment model
The 10-year repayment method represented by Fig. 7.4, requires an annual repayment of £866,406 and a 
total loan repayment amount of £8,664,060. Consequently, compared to the previous repayment 
methods the total system saving is reduced to £7.6m. However, this method ensures that a positive cash 
flow is observed earlier than either of the previous methods. Indeed, a positive cash flow is evident in 
the second year of operation.
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Figure 7.4: 10-year repayment model
The repayment method employed should be determined by available finance when installation 
commences. If finances are available, then the model indicating the greatest long-term financial rewards 
are to pay off the loan as quickly as possible, for example using the first method. However, providers 
observe no financial rewards until the loan is repaid in year 5. If financial rewards are required at an 
early stage than prolonging the loan ensures an earlier return on investment but consequently less total 
return than may other wise be possible.
7.2 Single Point Analysis
The expected model indicates substantial financial savings using £700 as the cost of equipment in the 
home. This figure was based on the technical developments highlighted in Chapter 4 and discussions 
with manufacturers. However, as the technology is not commercially available there is an uncertainty 
with the accuracy of this figure. The use of the single point sensitivity analysis therefore allows 
investigation of the expected model but changes the home based equipment cost to £500 and £1,000. 
Table 7.5 describes the changes this makes to the initial system expenditure.
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Table 7.5: Comparison o f initial system expenditure when the home based equipment cost is varied
Chapter 7
Cost (£)
Technology costs Present
system Proposed telecare system
Technology cost of home based equipment £175 £500 £700 £1,000
Home based equipment cost 1,909,000 5,362,000 7,487,000 10,675,000
Warden schemes 141,000 141,000 141,000
Control centre 50,000 50,000 50,000
GP and nurse equipment 241,000 337,000 482,000
Sub to tal 1 ,909,000 5,794,000 8,015,000 11,348,000
Installation and train ing
Creation of each users computerised medical 
home record for telemedicine
97,000 97,000 97,000
Installation of home based equipment inc. training 
of end users
208,000 262,000 262,000 262,000
Installation of GP/nurse equipment 15,000 15,000 15,000
Staff training at 10-20% of capital costs22 20% is 
used as a conservative measure
71,000 157,000 176,000 205,000
Sub to tal 279,000 531,000 550,000 579,000
Total In itial expen diture 4 ,097,000 6,325,000 8,565,000 11,927,000
Additional expenditure for proposed systems 2,228,000 4,468,000 7,830,000
Evidently if the home based equipment cost is £500 the proposed telecare system is 50% more 
expensive, while if the home equipment cost £1,000 additional funding in the region of 275% or £7.8m 
would be required. Clearly the cost of this equipment has a substantial impact on the initial expenditure 
and therefore on the likely profitability of the proposed telecare system. Paying the loan off through the 
proceeds of the project as profits occur, i.e. as quickly as possible, reveals that at the end of the system 
life cycle, at £500 a return of £ 11.3m is possible. However, when using £1,000 as the home based 
equipment cost this is reduced to an overall return of only £3.3m as indicated by Fig. 7.5. Nevertheless, 
it should be noted that the system is profitable and in combination with the qualitative benefits for 
telecare would suggest that the proposed telecare system is more desirable than the community alarm 
system for all parties.
■£500
-------------------£700
....................£ 1,000
Figure 7.5: The effect o f varying the home based equipment cost
22 Between 10-20% of capital costs is needed for re-engineering in order to achieve maximum potential [395 ]
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Using the expected model reveals that if the home based equipment cost was £1,170 then the community 
alarm and proposed telecare systems would cost the same to implement as the return from the proposed 
system approaches zero. The decision of which system to implement would then based on the qualitative 
merits of each system.
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7.3 Threshold Analysis
With such an analysis the cost analysis model is investigated in order to identify the point at which the 
conclusions of the model alter. For example, as discussed above the point at which the proposed telecare 
system no longer results in financial savings. In order to perform this sensitivity analysis each of the 
home equipment costs of £500, £700 and £1,000 are investigated in order to discover the service delivery 
requirements for the system to break-even.
Based on the home equipment costing £500, Table 7.6 (a) indicates the sort of service delivery changes 
necessary for the proposed telecare system to reduce its savings from £11.3m in the expected model to 
zero when the interest rate is 14%. It should be appreciated that the service delivery changes suggested 
in Table 7.6 (a) are just one of a number of possible combinations. Fig. 7.6 (a) indicates the resulting 
system profitability at varying interest rates.
Table 7 (a): Assumed saving requirements when the home equipment costs £500
Variables
Present
system
1 2 3
Proposed telecare system  
(Year)
4 5 6 7 8 9 10
Percentage of G P  surgery consultations 
to becom e virtual
2% 4% 6% 8% 10% 12% 14% 14% 14% 14%
Percentage of G P  hom e visit 
consultations to becom e virtual
7.5% 10% 12% 14% 16% 18% 18% 18% 18% 18%
Percentage of nurse visits to becom e  
virtual
7.5% 10% 12% 12% 12% 12% 12% 12% 12% 12%
Probability o f a  community alarm  user 
being admitted to hospital (percent)
32.4% 32.3% 32.1% 32.1% 32.1% 32.1% 32.1% 32.1% 32.1% 32.1% 32.1%
A verage duration of a hospital stay for 
client base.
9.5 9 3 5 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2
A verage additional care visits due to early 
hospital release (per discharge)
0.2 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.5 0.5
A verage additional nurse visits due to 
early hospital release (per discharge)
0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Percentage of people in hospital delayed  
in discharge -  Bed blockers
20% 19% 18% 18% 18% 18% 18% 18% 18% 18% 18%
Percentage of people in residential care
3.5% 3.4% 3.4% 3.4% 3.4% 3.4% 3.4% 3.4% 3.4% 3.4% 3.4%
D 6%  interest
□  10% interest
□  14% interest
Y ear
Figure 7.6 (a): Cash flows for a £500 home equipment cost
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Table 7.6 (a) indicates that there is a relatively small change in service delivery, yet the proposed telecare 
system saves almost £3m when the interest rate is 6%. Of this saving 10% is saved in what may be 
considered as the housing budget, 61% in the health service and 29% in residential care. Tables 7.6 (b), 
7.6 (c) and Figs. 7.6 (b) and 7.6 (c) indicate the required changes and associated cash flows when the 
initial home based equipment costs are set at £700 and £1,000 respectively.
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Table 7 (b): Assumed saving requirements when the home equipment costs £700
Variables
Present
system
1 2 3
Proposed telecare system  
(Year)
4 5 6 7 8 9 10
Percentage of G P  surgery consultations 
to becom e virtual
10% 12.5% 15% 17.5% 20% 22.5% 25% 25% 25% 25%
Percentage of G P  hom e visit 
consultations to becom e virtual
10% 12.5% 15% 17.5% 20% 22.5% 25% 25% 25% 25%
Percentage of nurse visits to becom e  
virtual
2.5% 5% 7.5% 10% 12% 12% 12% 12% 12% 12%
Probability of a com m unity alarm  user 
being admitted to hospital (percent)
32.4% 32.3% 32.2% 32.2% 32.2% 32.2% 32.2% 32.2% 32.2% 32.2% 32.2%
Average duration of a  hospital stay for 
client base.
9.5 9 8.75 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
A verage additional care  visits due to early  
hospital release (per discharge)
0.8 1.1 1.5 1.5 1.5 1.5 1.5 1.6 1.5 1.5
Average additional nurse visits due to 
early hospital re lease (per discharge)
0.4 0.6 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Percentage of people in hospital delayed  
in discharge -  Bed blockers
20% 18% 16% 14% 12% 10% 10% 10% 10% 10% 10%
Percentage of people in residential care
3.5% 0.<K>7o O.WVo 0.00 Vo 3.3% O.ZOVo O.ZUVo O. 1 OVo 3.1% O.UOV0 3%
□6%  interest 
D10% interest 
0 14% interest
Year
Figure 7.6 (b): Cash flows for £700 home equipment cost
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Table 7 (c): Assumed saving requirements when the home equipment costs £1,000
Variables
Present
system
1 2 3
Proposed telecare system  
(Year)
4 5 6 7 8 9 10
Percentage of G P  surgery consultations 
to becom e virtual
10% 12.5% 15% 17.5% 20% 22.5% 25% 25% 25% 25%
Percentage of G P  hom e visit 
consultations to becom e virtual
20% 22.5% 25% 27.5% 30% 32.5% 35% 37.5% 40% 40%
Percentage of nurse visits to becom e  
virtual
10% 12.5% 15% 15% 15% 15% 15% 15% 15% 15%
Probability o f a  com m unity alarm  user 
being admitted to hospital (percent)
32.4% 32.2% 32.1% 32% 32% 32% 32% 32% 32% 32% 32%
Average duration of a hospital stay for 
client base.
9.5 9 8.75 8.5 8.25 8 7.75 7.75 7.75 7.75 7.75
A verage additional care visits due to early  
hospital release (per discharge)
0.8 1.1 1.5 1.9 2.3 2.6 2.6 2.6 2.6 2.6
Average additional nurse visits due to 
early hospital re lease (per discharge)
0.4 0.6 0.9 1.1 1.3 1.5 1.5 1.5 1.5 1.5
Percentage of people in hospital delayed 
in discharge -  Bed blockers
20% 15% 10% 7.5% 5% 5% 5% 5% 5% 5% 5%
Percentage of people in residential care
3.5% 3.3% 3.1% 2.9% 2.9% 2.9% 2.9% 2.9% 2.9% 2.9% 2.9%
</>
(0
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0 ) ©  > o  o  re w
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£8,000
£6,000
£4,000
£2,000
£0
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£4,000
£6,000
£8,000
£ 10,000
£12,000
□  6% interest
□  10% interest
□  14% interest
Year
Figure 7.6 (c): Cash flows for a £1,000 home equipment cost
The savings suggested in Table 7.6 (b) are achieved through a 6% saving in the housing budget, 55% in 
health and 39% in residential care. The service delivery changes required in Table 7.6 (c) reveal that 
housing observe a 3% saving, health 48% and residential care 49%. The single point analysis revealed 
that the cost of the home based equipment made a substantial difference to overall system profitability. 
The threshold analysis is based upon this key variable and it is evident from comparing Tables 7.6 (a) 
with 7.6 (c) that in order for the proposed telecare system to be profitable service delivery does not need 
to alter significantly when the equipment cost is £500. However, when the cost is £1,000 there is a 
significant change in service delivery requirements to ensure that the proposed telecare system is cost- 
effective.
From an analysis of Tables 7.4 and 7.6 the greatest savings are observed from the introduction of virtual 
consultations for GP’s together with reductions in hospital bed costs and residential care. Table 7.7 
highlights these particular savings in relation to the service changes prescribed in Table 7.6 (a) and (c). 
Evidently, the necessary service delivery changes expressed in Table 7.6 (c) to achieve breakeven, result 
in significant financial savings as opposed to the savings resulting from Table 7.6 (a).
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Table 7.7: Savings due to service delivery changes
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Proposed te lecare  system  savings £0 0 0 ’s
Saving area E qu ipm ent
cost
Y ear 1 Y ear 3 Y ear 5 Y ear 7 Y ear 10
£500 (103) 94 89 84 84
£1,000 (112) 83 77 71 71
Hospital £500 79 173 173 173
173
£1,000 245 491 699 800 800
£500 171 171 171 171 171Residential care £1,000 333 972 972 972 972
7.4 Multiway Analysis
A multiway sensitivity analysis involves varying two or more inputs at the same time, and allows greater 
attention to be drawn to specific areas. The impact of the home equipment cost has a substantial impact 
in terms of defining the costs of the proposed system, while the two components with the greatest impact 
on savings are hospital bed and residential care costs. The multiway analysis allows the investigation of 
these critical savings to be altered at the same time, and in this context, the expected model is used with 
the changes indicated in Table 7.8.
Table 7.8: Multiway sensitivity analysis variables
O perational year o f th e  proposed system
A ffect on serv ice  providers of 
proposed system  - C om m unity alarm  
users only
Present
system
Y r 1 Y r 2 Y r 3 Y r 4 Y r 5 
to
Y r  10
A verage Expected model 9.5 9 8.75 8.5 8.5 8.5 Days
duration o f a 
hospital stay for
10% less effective 9.5 9.05 8.825 8.6 8.6 8.6 Days
client base 30% less effective 9.5 9.1 8.975 8.8 8.8 8.8 Days
50% less effective 9.5 9.25 9.125 9 9 9 Days
Percentage of Expected model 3.5 3.375 3.25 3.125 3 3 %
people in 
residential care
10% less effective 3.5 3.3875 3.275 3.1625 3.05 3.05 %
30% less effective 3.5 3.4125 3.325 3.2375 3.15 3.15 %
50% less effective 3.5 3.4375 3.375 3.3125 3.25 3.25 %
The implications of these service delivery changes are shown in Fig. 7.7. The repayment method 
employed was to pay the loan off through the proceeds of the project as profits occur, i.e. as quickly as 
possible. Evidently if the 2 key variables suggested in Table 7.8 are only 50% as effective, as suggested 
in the expected model, then a surplus of only £2.6m is available at the end of the system life cycle. This 
is £5.7m less than that anticipated in the previous model.
............. -  Expected results
—  —  — * 10%  less effective 
-  -  -  -  30%  less effective
—  -  -  — 50%  less effective
Year
Figure 7.7: Results o f multiway sensitivity analysis
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Changing only these 2 key variables indicates the sensitivity of the telecare system to these parameters. 
Indeed if other service delivery changes were also not as successful as prescribed by the expected model, 
then the overall financial viability of the proposed telecare system can be put in doubt. The extreme 
scenario analysis allows this investigation.
7.5 Extreme Scenario Analysis
This analysis alters the service delivery changes in the expected model to extreme levels incorporating a 
pessimistic and optimistic view of the proposed telecare system. Because there is no verifiable evidence 
for the effectiveness of the proposed telecare system it is difficult to estimate the impact on service 
delivery, and hence cost benefit, for the expected model. The extreme scenario analysis suggests that the 
figures used in the expected model should be varied to incorporate the greatest possible variation. In the 
results presented below this is achieved by altering all of the service delivery changes in the expected 
model by 50%.
Pessimistic view
Reducing the service delivery changes in Table 7.3 by 50% reveals that at the end of the system lifecycle 
there is a return of £2.0m, only £600,000 less than that suggested by the multiway sensitivity analysis. 
Clearly the service delivery changes excluding hospital and residential cares costs make only a slight 
impact upon the system profitability.
In addition to reducing the service delivery changes by 50% the model allows the flexibility to increase 
certain parameters. The expected model already includes an additional consultation in the first year of 
operation due to medical parameters being above GP defined levels. However, it has been suggested that 
as much as 50% of potential users have medical problems that are currently undiagnosed and could be 
detected by telecare monitoring1581. In a worst case scenario the proposed telecare system may increase 
the number of GP and nurse consultations. The pessimistic view therefore includes an increase of 50% 
of consultations in the first 2 years of operation.
The 50% increase in GP consultations is an increase from 6.5 to 9.75 consultations per user per annum 
while the corresponding number of nurse consultations extends from 232 a week to 348. Financially this 
has an impact of lowering the system profitability from £2.0m to £541,000. A concern over the ability of 
GP’s and nurses to deliver such a dramatic increase in human resources are also worthy of note. It is also 
worth considering that even with lowering the ‘success’ of the expected model by 50% and increasing 
the number of GP and nurse consultations the proposed telecare system is still financially favourable to 
the present community alarm system.
Optimistic view
It would assume appropriate that as the pessimistic view decreased the service delivery changes by 50% 
that the optimistic model increases them by 50%. The expected model results in a total saving of £8.3m, 
while the optimistic view results in a total saving of £ 14.3m. It may also be suggested that because the 
proposed telecare system is a preventative system, detecting medical difficulties earlier than at present
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that the number of GP consultations will reduce in the future. It is not thought there would be a 
reduction in number of nurse consultations as approximately 85% of consultations require ‘hands on’ 
treatment, for dressing of wounds etc12161. Introducing a reduction in GP consultations by 10% for each 
year in the 10-year system lifecycle increases the return still further to £ 15.2m.
7.6 Discussion
Relatively few economic evaluations are performed along side clinical trials1’6,1 and because no clinical 
results are available for the proposed telecare system there is a level of uncertainty surrounding the 
findings. If confidence in the results is to be achieved it is necessary to analyse the expected model using 
a variety of sensitivity analysis tools in an attempt to understand the uncertainty and identify critical 
values.
The results from this variety of sensitivity analyses reveals that under all of the conditions exposed to the 
proposed telecare system, it is more profitable than the current community alarm system. The exact 
financial savings are difficult to accurately determine, but would fall within the range indicated by Fig. 
7.8. Here the most pessimistic and optimistic views are included around the expected model and this 
therefore indicates a possible range of potential return. In reality the range is not as significant as 
suggested by Fig. 7.8 as it is unlikely that all of the pessimistic or optimistic factors will occur 
simultaneously1363'.
Chapter 7
Figure 7.8: The potential financial savings in the proposed telecare system
Choosing between systems
Having created the model and analysed the results a decision can be made as to which system should be 
implemented. An aid to this process is the cost-effectiveness plane and this has been widely advocated 
for the analysis of health outcome results1’971. It is reproduced in Fig. 7.9.
When the results fall in quadrant I a decision must be made if the increased cost of the proposed system 
is justified by the additional effectiveness of the proposed system. In a similar fashion if the results fall 
in quadrant III then the reduced cost of the proposed system must be compared with the reduced 
effectiveness and a decision made. However, when the results are in quadrants II or IV the system under 
consideration clearly dominates. The qualitative benefits of telecare and telemedicine suggest that the 
proposed system is more effective, placing the system in quadrants I or II. This financial analysis reveals 
that in all of the scenarios investigated the proposed telecare system represented a better return on
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investment and therefore would be situated in quadrant II. The proposed telecare system dominates and 
should be the system implemented.
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Quadrant IV New treatment more costly Quadrant I
Figure 7.9: The cost-effectiveness plane
Telecare funding issues
The financial implications of telecare systems are not straightforward, with many parties contributing to 
funding and benefiting from their use. The results from the model suggest that the main savings are to be 
derived from reduction in time spent in hospital and residential care. Consequently, to realise the full 
financial rewards, a holistic approach involving collaboration across all imposed service boundaries is an 
essential pre-requisite. It has been said that the general cost-effectiveness of preventing an illness rather 
than treating it is usually favourable, but the specific cost of the prevention traditionally has to be paid by 
a party that has not yet incurred the obligation to pay for the illness. Nowhere is this problem more 
obvious than in the boundaries between hospital, extended care facility and in home care for frail but 
generally healthy patients12911. The analysis of the proposed telecare system would support this 
observation. Currently community alarms are funded either privately, through housing benefit and in a 
few cases by social services or health, however the proposed telecare system suggests that other parties 
should also contribute to funding as they derive savings from its implementation. In the expected model 
housing budgets, which provide funding in the vast majority of cases, should only contribute 4% while 
health budget holders should contribute 47% and residential care 49%.
The funding of telecare trials may be considered as one of the main stumbling blocks to the further 
development of telecare systems. The responsibility to develop community alarms and introduce 
telecare systems would appear to rest with those currently delivering the community alarm system, 
housing providers. However, this analysis would suggest that a telecare system would dramatically 
increase their spending without observing appropriate financial savings in their budgets. Overall the 
proposed telecare system requires less finance but until budget holders can join finance innovations there 
remains little motivation for housing providers to seek developments. This position is also true for 
community alarm manufacturers, historically the purchasers of their equipment have been housing 
providers and they are unlikely to develop equipment unless there is a clear purchaser.
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Housing providers recognise that the introduction of telecare systems would result in substantial initial 
expenditure12401 and this may also have militated against developments. A review of the literature 
revealed that there was little attempt to quantify the initial expenditure or suggest the savings that may 
result. The cost analysis model developed assists in the evidence base and supports the assumption that 
telecare systems do require a considerable initial investment. Indeed, in the expected model at the start 
of the first year £6.4m would be outstanding for a city the size of Birmingham. Putting a figure on the 
initial investment assists in the knowledge base, but may also hinder developments, since the initial 
investment is so significant.
Prior to this study no evidence was available to suggest the kind of savings that might be achieved 
through telecare systems. The analysis has sought to address this issue and revealed where, and the 
amount, of saving that could be achieved. However, the savings are not backed by a clinical or long term 
trials and therefore as discussed there is a some uncertainty surrounding the results. The various 
sensitivity analyses have sought to investigate this uncertainty but without data from field trials this 
uncertainty cannot be removed.
Another area of concern is the ability of the suggested savings to be realisable; will the £8.3m saving of 
the expected model be available in cash terms? In the expected model there is a saving of approximately 
£250,000 in hospital bed costs in the first year of operation. This is achieved by users spending less time 
in hospital, but a reduction in the number of bed days of telecare users is only a fraction of the total 
number of bed days in any given hospital. In order to realise the suggested savings there must be a 
reduction in staff, equipment or beds. Telecare users leaving hospital, for example, two days earlier is 
unlikely to mean that less staff are required or a hospital ward can be closed down. Therefore, although a 
two day saving would be costed in the model the ability to actually realise this saving could prove to be 
difficult. The ward may have greater capacity and hence be better able to meet the winter crisis for 
example, but an empty bed does not necessarily result in a real cash saving.
Implementation issues for telecare
The NHS and Community Care Act 1990 aims to:
“Provide the development of domiciliary care to support people in their own homes and to prevent 
unnecessary admission to residential care^l0^ \
The introduction of the proposed telecare system could be considered to be one way of moving towards 
meeting these requirements. A consequence of such a shift is that hospitals will benefit from a reduced 
workload as people are maintained more successfully in the community. Conversely, there will be 
greater demands on staff in the community.
Between 1961 and 1993, the number of patients per doctor has dropped from 2,300 to 1,900 but there has 
been an increase in demand for out-of-hours visits13981. The change in ethos towards monitoring patients 
at home rather than in hospitals may also contribute to an increased consulting workload for GPs who
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will however be compensated by the removal of the need for a significant number of home visits through 
the use of videoconferencing.
The introduction of the expected telecare system suggests that for each user an additional 18.4 minutes of 
the GP’s time will be required in the first year of operation. This is made up 10.8 minutes for each user 
falling outside of the medical parameters defined by the GP together with the 8.4 minutes required to 
initially define those parameters. The introduction of virtual consultations saves a total of 0.8 minutes. 
However, the 8.4 minutes to initially define user parameters may be included as part of a normal 
consultation or the annual check up for those aged 75 and over[10].
In subsequent years the proposed system requires slightly less GP’s time than the present system 
(approx. 1 minute). As indicated in Table 7.3 there will be a growth in the number of consultations that 
are performed with the GP in the surgery and the patient in their home. This results in a time saving for 
patients, who do not need the inconvenience of travelling to the GP surgery, but requires slightly more of 
the GP’s time, an additional 2.4 minutes to perform the consultation through videoconferencing. If these 
virtual surgery based GP consultations were not permitted, then compared to the present community 
alarm system by the 5th year, 3.3 minutes per patient per annum could be saved. This being achieved 
through an increase in the percentage of virtual home based consultations suggested in Table 7.3; by the 
10th year the potential is for savings in the order of 5 minutes.
The affect of inflation
As indicated in Chapter 6, inflation tends to overestimate profit and is a problem that accounts have not 
solved. The expected model results in a saving of £8.3m, and if an inflation rate of 1.9%23 is subjected 
on this model the saving increases to £10m. In order to maintain a conservative outlook inflation is not 
included in the results but others have used inflation to aid their position. For example, Duerinckx et 
al[400] assumed ‘a 5% inflation rate to counteract a 5% yearly increase for reoccurring hardware and 
labour costs' To include inflation in such a way is an assumption that introduces uncertainty and as 
demonstrated by the increase return on the expected model, inflation can have a significant impact.
National savings
If the expected model is used as the base model then £8.3m is saved for 11,618 users. Extrapolating 
these results to represent the whole country reveals that if all of the 1,160,000[I191 community alarm users 
in the UK were provided with the proposed telecare system, savings in the region of £832m would be 
accepted. As identified in Chapter 1, with the increase in the number of older people and therefore 
potential number of community alarm users, these savings could be even greater in further years. While 
a telecare system introduced 10 years after the proposed telecare system would reveal even greater 
savings, as this system would operate without the need to initially introduce telecare services. For 
example, the percentage of virtual consultations would not need to start at 15% in year 1 and increase to 
37.5%, it could start at a high figure from the beginning of the system lifecycle.
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The underlying rate of inflation as of 27 May 2000 was 1.9% [399].
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The validity of extrapolated results should be appreciated as extrapolation introduces another form of 
uncertainty[363). Throughout the model, where possible authoritative figures have been sought however, 
at times it has been necessary to use figures relating to Birmingham. For example, it is not believed that 
national figures are kept on calls observed at community alarm control centres, therefore the model uses 
Birmingham City Councils Careline data in the ‘Control centre’ worksheet. However, Birmingham’s 
control centre may receive a different ratio of calls to users than other control centres throughout the 
country. Another implication is that because the call data is based on Birmingham the number of GP’s 
must be based on Birmingham and being a large city there may be more GP’s than the national average. 
Therefore, the extrapolated results must be used with some caution; they provide an indication of 
potential savings but cannot have the same authority as for the city of Birmingham.
7.7 Model Enhancements
Although the model successfully provides information on the cost-effectiveness of telecare systems there 
are areas where improvements could be made:
■ Improved data. As discussed in Chapter 6 it is difficult to define the parameters in the expected 
model due to a limited amount of data. Access to organisations such as the DoH Research and 
Development department may be able to provide figures with greater authority. A review of 
published material does not reveal all of the necessary figures.
■ National authority. The model is based on Birmingham City which may provide different results to 
the nation as a whole. In order to influence others and particular government or funding bodies a 
review on a national scale could be beneficial, if it is not possible to obtain the relevant information 
a review on a rural area could provide contrasting results. It is likely that a rural area will result in 
greater savings due to the additional saving on GP travel time for home visits and perhaps fewer 
GP’s/nurses to initially provide equipment and training for. The other parameters in the model are 
not affected by distance.
■ Improved scenario analysis. Running different scenario’s and sensitivity analyses are possible in the 
current model but it may be advantageous to be able to use a menu and automatically change from 
pessimistic/optimistic etc. settings. A restore capability could be equally useful so that particular 
parameters could be altered and then restored to their original settings.
■ Theme investigation. It could be useful if particular elements of the proposed telecare system could 
be investigated. For example, turning off medical home monitoring, video conferencing, or EPR 
etc. Again a restore function would be beneficial.
■ Linked tables. The table from D: 121 to H:132 on the ‘Cost analysis’ worksheet (see Appendix 
A6.1) needs to be altered manually to reflect the system return without interest being paid on any 
savings. This is manual as the year the proposed system turns into profit alters depending on the 
parameters in the model. It would be advantageous if this was automatic so others could easily use 
the spreadsheet.
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■ Linked repayment models. The repayment figures in W:121 and W:122 on the ‘Cost analysis’ 
worksheet (see Appendix A6.1) are calculated manually. If these were automatically generated it 
would enable others to use the spreadsheet without needing the understanding of the repayment 
scheme. Additionally the multiway sensitivity tables P:165 to S: 174, P: 177 to S:186, and P: 192 to 
S:201 (see Appendix A6.1) are manually calculated and, in order for others to easily use the 
spreadsheet, it may be better if these were automatically calculated.
7.8 Conclusions
It has been said that the evidence for the cost-effectiveness of telecare is ‘meagre’11351. In order to 
develop telecare a greater appreciation of the financial implications is required and the model developed 
has sought to address this deficiency.
The results from the model indicate that compared to the present community alarm system the proposed 
telecare system is a more profitable system. Overall there is a return of £8.3m at then end of the 10 year 
system lifecycle. Performing various sensitivity analyses on these results reveals that in every 
circumstance the proposed system was financially the most desirable. These quantitative results aided by 
the qualitative benefits of telecare make a strong case for the introduction of such systems.
The multiway analysis revealed that the areas with the greatest impact on system profitability are hospital 
bed costs and residential care. A 50% reduction in the changes in service delivery suggested for the 
expected model alters the return from £8.3m to £2.6m. As previously indicated there is little evidence to 
suggest what impact telecare systems may have on these parameters and therefore the sensitivity 
analyses performed are necessary to estimate a range of possible outcomes. However, until field trials 
have taken place the actual impact is not quantifiable. What is important for future developments is that 
a cost analysis model has been developed and as data becomes available the model can be updated to 
represent the findings. The model can then be analysed again and the financial impacts investigated.
Despite the results of this analysis indicating that the proposed telecare system is profitable, three 
‘stumbling blocks’ were identified:
■ Holistic funding: Currently housing budgets provide the vast majority of funding for the community 
alarm system. In the proposed telecare system it has been suggested that, Housing Department’s 
should provide 4%, the NHS 47% and residential care 49% of the total system costs, as the financial 
benefits for the proposed telecare system are apportioned in this way.
■ Significant initial investment: In order to provide the advanced, and therefore more expensive, home 
based technology at the start of the first year the proposed telecare system has a deficit of £6.4m. 
This requirement for substantial investment may discourage potential organisations seeking to 
develop telecare systems.
■ Uncertainty of realising savings: The model suggests that at the end of the system lifecycle the 
proposed telecare system is profitable, but there may be some difficulties realising the savings. A
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reduction in the required number of bed days is considered as a financial saving. However, the 
hospital may have difficulty realising the benefit, unless staff, equipment or hospital wards are 
reduced.
The model developed is believed to be the only cost analysis tool for telecare systems and has addressed 
an area of research which, to date, may be considered to have been overlooked.
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8  A  S e r v i c e  D e l i v e r y  M o d e l
Chapter structure: Having defined what a 2nd generation telecare system should consist of and analysed 
the financial implications the ability to deliver the service is analysed. This chapter therefore describes 
how a simulation tool should operate and what assumptions are included in the service delivery model. 
Particular attention is given to how the model simulates call activity to the community alarm control 
centre.
The preceding chapters have considered new generations of telecare, indicating a desire from users to 
embrace such initiatives, and highlighted that there is the potential for substantial financial savings. The 
data flow diagrams of Chapter 5 indicated that with these new generation systems, more information was 
available and accessible, consequently there may be concerns as to whether the implied service delivery 
changes can be achieved. The creation of a model of service delivery allows the impact to be 
investigated. The Oxford reference dictionary of computing13271 defines a simulation as imitating the 
behaviour of an existing or intended system. In the context of this study, the purpose of the simulation is 
to model the previously defined 2nd generation telecare system and discover what impact its introduction 
has on service delivery.
The 2nd generation telecare system covers several entities; GP surgery, hospital, users home, control 
centre etc. However, in terms of service delivery, the control centre is the focal point, as with the 
exception of medical monitoring calls, every communication goes through the control centre. It is also 
envisaged that prior to the full 2nd generation system being implemented, various individual modules will 
become available and require the control centre to respond. In order to move towards the 2nd generation, 
and ultimately the 3rd and 4th generations, if the impact on the control centre can be modelled, it will 
provide a significant insight into the delivery of telecare. ■
8.1 Required Outputs From The Simulation
Prior to deciding how to create the model and simulate events, the outputs required must first be defined. 
These were agreed with the project review group as follows:
1. The main aim of the simulation is to analyse historical data for any control centre and investigate the 
impact of changes on behaviour. Therefore, the model must be able to gather the historical data, 
analyse it and hence simulate the present system. Such an approach also enables the model to be 
validated as based on the known historical call data, the simulation should generate a similar call 
profile.
2. The ability to add hypothetical calls to the present system. In addition to the current categories, the 
model should provide the ability to easily add new hypothetical categories such as, a fall detector.
3. For each unique category, the number and duration of calls included in the model should be capable 
of being changed. For example, the use of the 2nd generation system is likely to reduce the number 
of ‘Pulled in Error’ (PIE) calls, where the user activates the alarm by mistake. The model should 
therefore provide the capability to reduce such calls by a given percentage. Conversely, other call 
types may increase and this should be facilitated. Although the call profile changes should be 
included in the simulation run, these changes should not impact on the stored user entered call 
profile’s, which may have been obtained from a present community alarm control centre.
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4. Provide thq capability for incoming and outgoing calls. The community alarm control centre 
receives calls from users and based on the type of call received an outgoing call can result. For 
example, a user requesting medical assistance will often result in the doctor or ambulance being 
contacted. In addition, providing the model with the capability to generate more general outgoing 
calls based on an independent profile, for example once every 10 minutes during office hours, would 
provide the possibility of modelling other control centres in addition to a community alarm control 
centre.
5. Define both system and operator calls. The present community alarm system receives calls that do 
not require operator assistance and can be dealt with by the system. Typically such calls are 
wardens logging on/off duty and equipment checks. These system calls are likely to increase in the 
2nd generation system while operator calls where the operator must physically respond are included 
in both the present and proposed telecare systems. The model must provide the ability to investigate 
both category types.
6. Provide a distinction between call origins. The majority of community alarm control centres receive 
calls from dispersed users living in the community and users in sheltered housing. The model must 
enable the effects of an increase or decrease from either source to be investigated. For example, 
what impact would there be if one control centre took over another and the number of sheltered 
housing users increased. With respect to users in sheltered housing, the model must enable 
investigation either based on the number of users or the number of sheltered housing schemes.
7. Distinction between times of the year. In the present community alarm system call volumes alter 
depending on the time of the year. For example, there are more calls for the doctor during the 
summer and winter than at other times of the year and daily variations are also apparent12401, for 
example, there will be a high occurrence of wardens logging on/off duty on weekdays, while only a 
few such calls will be evident at weekends. The model must include the appropriate trend for every 
category of call. The example of the wardens also highlights that the model must include the 
capability for analysis over a short period of time. Many wardens will log on at or around 09:00 as 
they begin work and again when they break for lunch and at the end of the day. The model must 
enable the profile of calls to indicate this trend.
8. When generating simulated calls provision must be provided to generate calls only during defined 
hours. Therefore, if analysis is only required between 08:00 to 10.30 then only the calls during this 
period should be reported.
9. When the model is used it should be possible to generate simulated calls based on a specific time 
period. Therefore, if analysis of a particular day, week, month or year is required this can be 
modelled.
10. Shift pattern analysis should be provided so that the current or 2nd generation system with added 
categories, can be modelled with different shift patterns. Therefore, investigation can take place as 
to what affect an additional operator would have for certain periods of the day. Based on the calls 
generated in the model, an estimate of the optimum shift pattern should be provided for comparison 
with that entered by the simulation user.
11. The results generated from a simulation run should be saved together with the characteristics used. 
For example, which categories were included, any changes to categories for example, 50% reduction 
in Pulled in Error calls. Therefore, different scenarios can be created and viewed at leisure.
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In terms of the results the model should provide:
1. An indication of the number of calls generated throughout the chosen time scale, i.e. for each 
category how many calls were received.
2. Based on the user entered shift pattern reveal how the simulated calls would be answered, when and 
how many were delayed, and the how long users had to wait to be answered. Where necessary the 
model should suggest a suitable shift pattern and report the impact this has on the simulation.
3. The results should be capable of being viewed as a total of all of the weekdays or weekends in the 
simulation run. The majority of control centres have different shift patterns at the weekend and the 
results should be presented to show this difference.
4. For every call that is delayed, information should be available indicating when the call was received 
and the extent of the delay.
5. For each hour indicate the utilisation of the operator(s), i.e. what percentage of the operator’s time 
was spent answering calls.
6. Costing information. Indicate the costs and incomes involved at the control centre.
7. Allow user defined queries based on the simulation calls, i.e. enable the interrogation of the data.
8.2 The Type Of Simulation
In order to create the simulation there is a choice between using simulation packages or programming.
The benefits of these approaches are provided in Table 8.114011.
Table 8.1: The benefits associated with using simulation packages and programming languages
Simulation package Programming language
Automatically provide most of the features 
needed to create a model. Therefore reducing 
the time required
Allows greater flexibility
Easier to modify and maintain Can be more efficient and therefore require less 
execution time
Improved error detection as potential errors are 
automatically checked for
Software cost is generally lower, but the total 
project costs may be higher
There are various simulation packages available such as Arena14021, Extend14031 or Simu814041 that could all 
be used to model the system. However, despite the speed advantages of such packages there is reduced 
flexibility and control. One of the purposes of the simulation is to enable any community control 
centre’s data to be included in the model and investigated. Using a simulation package would quickly 
provide a general answer based on the average time taken to answer calls but would not model the real 
world accurately.
Commercial software by IMAJ captures a control centres call volume by analysing the automatic call 
distribution system. Forecasts are then made based on these calls and/or any user entered categories 
added14051. The IMAJ calculator14061 then uses the number of operators, average call duration and number 
of agents over a defined time to estimate the number of calls received each hour, the probability of a call 
being queued, and the average delay time.
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While such tools are useful in providing an overview, because community alarm control centres receive 
potentially life-threatening calls, it is important to know the time every user had to wait, rather than just 
an average figure. It is only possible to achieve this level of detail on a call by call analysis and this 
suggests that the level of detail suggested in section 8.1 could not be met by using an ‘off the shelf 
simulation package. An additional consideration for using a programming language was that the 
research sponsors market a control centre and that a simulation, forecasting and modelling calls, could 
become an additional feature of their software.
Due to the potentially large amounts of data, linking the simulation to real-world control centre data, the 
choice of programming language centred on the ability of the programming language to easily 
manipulate data. Microsoft claim that Visual Basic (VB) is the most widely used development 
environment in the world, with excellent database manipulation^071. As such VB was chosen.
8.3 Simulation Design
The overall structure of the model is described in Fig 8.1. The possible categories, and their associated 
call profiles, are stored in the core database and the particular categories to include in a simulation run 
can be chosen from these. In addition, other parameters relating to the number of users, shift patterns 
etc. must also be entered.
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Figure 8.1: The overall structure for the simulation
Having entered the required model characteristics, the simulated calls can be generated. The core 
database contains details of the call profile for each category, when calls are expected to arrive and their 
duration, and is used to generate the calls in the simulation run, saving them in a results database. 
Having simulated the calls, in combination with the user entered shift pattern, process 3 will establish 
when calls were answered and identify any delayed calls. Process 4 then generates the results for 
specific fields, i.e. how many calls were delayed, utilisation of operators etc. and presents the results for 
inspection.
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8.4 Core Database
The core database is external to the workings of the model but provides it with the unique call categories 
and their corresponding call profiles. In order to meet the objectives defined in section 8.1 it is necessary 
to establish the following:
■ Category name: The unique name of the category, for example ‘Pulled in Error’.
■ Location: Whether the category refers to sheltered housing or dispersed users in the community.
■ Month: Month of the year the category relates to.
■ Call direction: Whether the category relates to an incoming or outgoing call. Incoming calls are 
received at the control centre and include an outgoing call to a responder, doctor, or the emergency 
services. Outgoing calls refer to calls that the control centre makes without first receiving an 
incoming call. Currently community alarm control centres do not make such outgoing calls but 
provision must be provided in case their role changes.
■ Operator involvement: Indicates if the call required the operator to answer the call or whether the 
control centre system could respond without the assistance of the operator. Such calls are refereed 
to as operator and system calls respectively.
■ Data type: This indicates whether the data is historical or predicted. If the call profile for the 
category relates to historical data derived from the control centre then this can be entered as 
historical. Where the call profile for the category is hypothetical or based on limited trials then it 
can be entered as predicted. This distinction enables the same category name to be used in the 
present or 2nd generation system. For example, the model may simulate calls based on half of the 
users with the present or historical ‘Pulled in Error’ call profile, and half of the users with a 
predicted ‘Pulled in Error’ call profile.
The combination of these 6 characteristics defines a unique category to which the associated call profile 
can be entered. In order to meet the requirements of section 8.1 the call profile must also be separated 
into which day type the call was received, i.e. a weekday or weekend.
In order to validate the model, section 8.1 suggested that a current control centre must be accurately 
reproduced. Therefore, for each category evident at the control centre, a call profile must be generated 
that accurately reflects when calls were received, how long they lasted and the probability of contacting a 
responder, doctor, or the emergency services. Analysis of the call data evident at Birmingham City 
Council’s control centre reveals that calls for certain categories, such as wardens logging on and off duty, 
often occur within small time frames. In order to reflect this level of detail it would seem appropriate 
that 5 minute time slots be used.
When obtaining the average duration of a call it depends on the particular category of call (Pulled in 
Error, request for doctor etc.) but also on whether or not calls are waiting to be answered. Discussions 
with operators12401 revealed that the duration of a call reduces if another call is waiting. The duration also 
depends on the caller with some callers requiring additional explanation and assistance. Due to the 
greater variation of the duration of calls, the 5-minute time slots were not considered necessary, and 
could be misleading if a 5-minute time slot contained only a small sample that was not representative.
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Therefore, it would seem more appropriate to use the average duration of a call based on an hour’s data. 
Discussions with the review group also revealed that in practice most users of the simulation would only 
require a distinction to be made between during the day and at night.
For certain types of call an outgoing call will often result, for example a request for a doctor, fire 
detected etc. The Birmingham City Council control centre system records whether an outgoing call to a 
responder, doctor, or the emergency services is made, but the duration is not stored in the control centre’s 
database. Discussions with the operators revealed that the duration of such outgoing calls was consistent 
and therefore a single duration could be used throughout all 24 hours of the day[240]. Operators also felt 
that the probability of an outgoing call for a specific category did not alter depending on the time of day, 
the reason being a request for a doctor would result in the doctor being contacted irrespective of when 
the call was received.
Having defined the requirements for the call categories, in order to meet the objectives of section 8.1 two 
methods are required to obtain the call profile data:
1. Manual data input. Each category and the associated call profile must be entered manually by the 
user. The main purpose of this function would be to add new categories that were hypothetical or 
predicted.
2. Automatic database analysis. Under this option the present systems control centre database would 
be analysed and the categories and associated call profiles would be automatically generated.
8.4.1 Core database: Manual data input
Fig 8.2 indicates the overall process for the manual input of call profiles into the core database.
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Figure 8.2: The overall structure for the manual data input of call profiles
Process 1: Ensure Unique category
When adding a new category to the core database it must be unique. A unique category is based on the 6 
characteristics identified previously namely, category name, location, month, call direction, operator 
involvement, and data type. If the category is not unique it should not be allowed.
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Process 2: Obtain number of users (& schemes if necessary)
The purpose of the core database is to contain the call profiles for each unique category. The control 
centre systems provided by the three main providers in the UK, TeleLarm, Jontek and Tunstall all 
provide the ability to calculate the number of calls received over a given duration. Therefore, when 
entering the call characteristics of the present system into the core database the user is likely to enter the 
number of calls received for a category during a particular month. In order to generate a call profile it is 
necessary to know how many users generated the call volume. Then, knowing the number and 
occurrence of calls, together with the number of users, the call profile for a single user can be derived. 
This call distribution can then be multiplied to represent the number of users in any particular simulation 
run.
Where a category relates to sheltered housing users, the number of actual users and schemes should be 
entered so that the call profile can be manipulated based on a change in the number of users or number of 
schemes.
Process 3: Obtain average duration of calls (week & weekend)
This process requires the user to enter the average duration of calls for each unique category on an hourly 
basis. However, because the model is only concerned with service delivery and the duties of the 
operator, calls not requiring the operator do not require their duration to be entered.
For calls where the operator is involved the average duration should be entered for each hour and the 
type of day, providing a distinction between weekdays and weekends.
Process 4: Obtain probability and duration of outgoing calls
For each unique category the probability of an outgoing call to a responder, doctor, or the emergency 
services should be entered. Although, the operators indicated that the probability of an outgoing call 
does not depend on the time of day, provision for the probability of an outgoing call based on office and 
non-office hours may be necessary. This is based on the possibility that if medical expertise was 
required, depending on the time of day the doctor or ambulance would be contacted. Discussions with 
operators indicated that the duration of an outgoing call did not alter throughout the day and therefore 
only requires the user to enter a single duration for each outgoing call.
Process 5: Obtain call occurrence in 5-minute time slots (week & weekends)
In order to accurately model the present system, the calls received or expected to be received, need to be 
divided into week and weekend days. Having divided the calls in this way they need to be broken down 
into when they occur in 5-minute time slots. In addition, so that the call profile for a single day is known 
the number of days over which the calls were received is also required.
There are a total of 288, 5 minute time slots in a single day therefore, for just one call category occurring
from sheltered housing and dispersed users there would be 1,152 entries (number of 5 minute time slots *
[sheltered and dispersed] * number of day types = 288* 2 * 2). Although, this level of detail would
provide a realistic model it would be time consuming to enter this amount of data for the 10 to 15
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categories that a control centre may receive. In order to reduce the data input burden it would seem 
appropriate to provide general tools that indicate the trend without having to enter data for every 5- 
minute time slot.
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Table 8.2 indicates 6 tools to automatically generate the 5-minute time slots. Therefore, if every hour of 
the day used the same distribution, i.e. flat, then instead of the 288, 5 minute data entries the process 
could be reduced to 1 input specifying the number of calls, and a couple of mouse clicks.
Having entered all of the necessary data the category and profile can be saved in the core database and 
the process repeated for other unique months for this category, or a new category.
Table 8.2: Automatic generation o f time slots
Auto
generate
Description Example using 100 calls as the total for the hour
Left The data is secured to the left, i.e. more calls are received at the 
beginning and decline throughout the time period
15,14,13,12 ,10,9,8 ,6 ,5 ,4 ,3 ,1
Right The data is secured to the right, i.e. few calls are received at the 
beginning and gradually increase throughout the time period
1,3 ,4 ,5 ,6 ,8 ,9 ,10 ,12 ,13 ,14 ,15
Flat An equal number of calls are distributed throughout 8,8 ,8,8 ,8 ,8 ,8 ,8 ,8 ,8 ,8 ,8 ,
Centred Follows a  normal distribution. More calls are received in the 
middle than the beginning and end
2 ,5 ,7 ,10 ,12 ,14 ,14 ,12 ,10 ,7 ,5 ,2
Bottom Follows an inverse normal distribution. More calls are received at 
the beginning and end than the middle
14,12 ,10 ,7 ,5 ,2 ,2 ,5 ,7 ,10 ,12 ,14
Random The calls are randomly distributed. 10 ,6,5 ,13 ,11 ,5 ,9 ,9 ,7 ,9 ,7 ,9
8.4.2 Core database: Automatic database analysis
This method can only be used to acquire a current control centres data. It is an automatic process but 
does require some input from the user, as indicted in Fig 8.3.
Database of 
code numbers
Control centre 
call database
provide
Control centre 
call database
Core
database
Figure 8.3: The automatic generation o f the core database
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Process 1: Acquire category names
The control centre database contains details of every call received at the control centre and the actions 
taken by the operators. However, the details are stored as number codes; for example, a field exists 
indicating the origin of the call but the number 1 is used to represent a sheltered housing scheme and 2 
for a dispersed user. The closing down comment of the operator, which indicates the reason for the call, 
is also stored as a number. An additional field ‘call type’ indicates the type of call where ‘M’ represents 
a mains call (i.e. a check, typically every 25 hours, from sheltered housing schemes informing the control 
centre that the equipment is working correctly).
Process 1 will gather every unique call evident in the control centre database and acquire the category 
names as opposed to the number format used in the control centre database. For example, a call with a 
unit category of ‘1’, a call type of ‘C \ and a data code of ‘9’, indicates that the call is from sheltered 
housing, the operator answered the call and it regarded a user who had fallen. Using descriptive 
language rather than the code numbers ensure that the model is easier to use.
The database table of user codes contains a list of the commonly used code numbers and their 
corresponding descriptive notation. This table can be compared to the calls evident in the control centre 
table and the descriptive notation suggested. Where the table of codes does not contain a specific code 
number, the user must enter the descriptive notation. The simulation user must also ensure that the 
suggested descriptions match the code numbers, as different control centres may use a different call 
numbering system.
Having entered the call descriptions the database table of code numbers can be updated with the 
corresponding code numbers and descriptions used. In the majority of cases each code number and 
description should be unique, however it may be possible for 2 code numbers to represent the same type 
of call. For example, a specific code number may exist for a warden log from old equipment, while new 
equipment may have a new code but mean the same activity. In the majority of cases each category 
description should be unique and should be validated by process 1. However, for the above reason, it 
may be necessary to override descriptions.
Process 2: Identify unique categories
Process 1 created a list of the different categories of call evident in the entire control centre database. 
The purpose of this 2nd process is to identify each unique category present on a monthly basis. As 
discussed in section 8.4 every call received at the control centre should have a:
■ Category name: For example, Pulled in Error.
■ Location: Whether from sheltered housing or a dispersed alarm.
■ Month: Calendar month the call was received in.
■ Call direction: Whether the call was incoming to the control centre or outgoing.
■ Operator involvement: Whether the call is an operator or system call.
■  Data type: Historical or predicted.
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Process 1 obtained the category names, the month of every call is known as every call received at the 
control centre is time and date stamped automatically, while because all of the data is from the control 
centre database the data type will be historical. Process 2 will therefore analyse the control centre 
database to obtain a list of the categories on a month by month basis. Therefore, if process 1 identifies a 
Pulled in Error category, then for the month in question the control centre database can be analysed to 
discover if there were Pulled in Error calls from sheltered housing and dispersed alarm users. It can also 
be analysed to see if calls require operator involvement or not. This process is developed in the pseudo­
code below.
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BEGIN
Obtain category names (identified in process 1)
Pointer at first category name 
W HILE more months in the control centre database  
W HILE more category names
If category is a system call TH EN
IF at least 1 call for the present month is from sheltered housing TH EN  
Accept as unique category - system from sheltered housing 
END
IF at least 1 call for the present month is from a dispersed user TH E N  
Accept as unique category - system from dispersed user 
END  
ELSE
IF at least 1 call for the present month is from sheltered housing TH E N  
Accept as unique category - operator from sheltered housing 
END
IF at least 1 call for the present month is from a dispersed user TH E N  
Accept as unique category - operator from dispersed user 
END  
END -
Increment pointer for the next category name  
LOOP
Increment to next month in control centre database  
Category names pointer set to first 
LOOP  
END
Having completed this process the 6 characteristics that identify a unique category will have been 
analysed and every unique category in the control centre database will have been identified.
Process 3: Acquire additional information
The control centre database contains details of every call received at the control centre, however
additional information is required which is not contained on this database:
■ The number of users: The core database can be created containing every category of call and when 
calls were received, however without knowing how many users there were to generate the call 
volume, the call profile for a single user cannot be created and therefore the number of users in the 
model could not be altered. Therefore, the simulation user must enter the number of alarm users 
(and schemes if the category in question originates from sheltered housing) responsible for 
generating the call volume.
■ The number of days over which data was gathered: Again this is required to generate the call profile 
for a single day. For example, if 100 calls were received for a particular category over 10 days, then 
it can be assumed that on average there are 10 calls a day. If there were 5 users over the 10 days 
then it can be assumed that on average each user called the control centre twice a day. The number 
of days of data contained in the control centre database can be estimated from knowing when the
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first and last call was received for any particular month. However, the control centre database may 
not contain every day of data and therefore provision for altering the suggestion must be possible.
■ Duration of outgoing calls: For every call received at the control centre the occurrence of an 
outgoing call to a responder, doctor, or the emergency services is recorded on the control centre 
database. However, the duration of the call is not held within the database, therefore requiring the 
user to estimate this for each unique category of call.
Processes 2 and 3 are repeated on a month-by-month basis. This is because for each of these 3 elements 
of additional information they can change over time. For example, if the control centre database 
contained 6 months of call data, then over this period the number of users is likely to change and 
provision for the change must be provided to realistically model the current system.
Process 4: Create core database
The simulation user should be prompted for a file name and directory location where the core database is 
to be created. If the information provided results in the possibility of a file being overridden, then the 
simulation user should be informed and change the file name or location if necessary. Having 
successfully entered the appropriate file data, no further input from the simulation user is required. The 
necessary tables for the core database can then be created with fields that include:
■ The 6 characteristics that defines a unique category.
■ Total number of calls: For each category how many calls were received.
■ When calls were received: The number of calls received in each 5-minute time slot and the total for
each hour during week and weekend days.
■ Number of days: The number of week and weekend days over which the calls were generated for a 
given category.
■ Number of users: The number of users and sheltered housing schemes if appropriate.
■ Duration: The average duration of a call on an hourly basis.
■ Probability of an outgoing: For each category the probability that a responder, doctor or emergency
services will be contacted during office and non office hours.
■  Duration of outgoing calls: The average duration of an outgoing call.
Process 5: Distribute call profile data into core database
The final process interprets the information obtained in the previous processes, and in combination with 
the control centre database containing the call data, inputs the information into the core database. The 
process is developed in the pseudo-code below.
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BEGIN
Move to first record in control centre database  
W H ILE more records in control centre database
Find the unique category name in the core database that represents the call code numbers (reverse of process 1)
Find whether the call was received on a week or weekend day
Calculate which hour the call was received in
Calculate which 5 minute time slot the call was received in
Increment the required 5-minute time slot, the required hour slot, and the total for that category by 1 
Calculate duration of call (difference between when the call was closed and answered)
IF duration >0 then
Calculate which hour the call was answered in
Add duration of call to appropriate unique category and specified hour slot
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Increment counter for the category and hour slot where the duration was just entered 
END
Move to next record 
LOOP
W H ILE duration >0
Divide total duration time by counter for that category and hour 
LOOP  
END
The process is self explanatory with the exception of calculating the average duration of a call. This 
should be calculated by using the arithmetic mean as in Equation 8.114081.
Zx,
x = ———  8.1n
x = sample arithmetic mean 
n = sample size
Xi = ith observation of the random variable X
8.5 Process 1: Define Model Characteristics
Having created the core database Fig 8.1 indicated that it was an input into the first process (define 
model characteristics) and the purpose of this first process is therefore to define the model characteristics 
to be used for the particular simulation run. Options include which categories to include, how long the 
simulation is to run for etc. In order for the model to be flexible, and therefore be able to provide results 
under various circumstances, all of the model characteristics need to be capable of being manipulated, 
including:
1. Selection type of categories: As indicated in the core database calls are regarded as historical or 
predicted. The model needs the capability to indicate which categories are of which type, enabling 
the model to be run with just historical calls, just predicted calls or both. In a similar manner a 
distinction is required for operator and system calls, calls from sheltered housing or dispersed alarm 
users, and incoming or outgoing calls.
2. Selection of individual categories: Whatever selection type of categories is chosen, either all of the 
categories or particular ones should be chosen for inclusion in the simulation run.
3. Variation of the selected categories: Every chosen category in the simulation should be capable of 
being manipulated. The fields that should be changed for each category are:
■  Number of users (including number of schemes where appropriate).
■  Percentage change in the number of calls. For example, increasing the probability of a 
particular category of call occurring by 50%.
■  Percentage change in the duration of a call. This is only relevant for calls which are answered 
by an operator and can be used to investigate the sensitivity of the system to changes, perhaps as 
a result of a new operator who is not as efficient and may require 20% more time with callers.
Each change should affect the simulation run but not the call profiles stored in the core database. In 
addition to individual categories being altered, a simple process should enable all of the categories in 
the simulation run to be altered together, therefore the model could, for instance, be used to 
investigate what would happen if there were 10% more calls etc.
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4. Number of users: If the simulation run is to include sheltered housing then the simulation user must 
specify whether to base calculations on the number of sheltered housing schemes or the actual 
number of users for more accurate analysis24. If the number of dispersed alarm users is included in 
the simulation run then this information is also required.
5. Duration of simulation run: As previously indicated the call profiles vary depending on the time of 
year and on weekdays and weekends. In order to accurately model the variations a start date and an 
end date must be entered. Therefore, if the user runs the simulation from Friday 22nd December 
2000 to Tuesday 2nd January 2001 the model must use the appropriate call profiles as indicated in 
Table 8.3.
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Table 8.3: M odellin g va ria b le  d a y  types
Date M odel data
Fri 22/12 /00 December week data
Sat 23/12/00 December weekend data
Sun 24/12/00 December weekend data
Mon 25/12/00 Decem ber weekend data*
Tue 26/12/00 December weekend data*
W ed 27/12/00 December week data
Thur 28/12/00 December week data
Fri 29 /12/00 December week data
Sat 30/12/00 December weekend data
Sun 31/12/00 December weekend data
Mon 01/01/01 January weekend data*
Tue 02/01/01 January week data
* Bank Holiday and treated as a weekend
6. Inclusion of calls: Analysis of calls may only be required at certain times of the day, perhaps during 
a particular shift or at identified busy times. Consequently an option must be available to constrain 
the model to generate results between the identified times, i.e. 8 am to 10 am. The model must also 
be constrained to include just weekdays, just weekends or all days of the simulation run.
7. Shift pattern: The model will generate the number of calls and when they are received at the control 
centre. However, in order to model the impact on calls and discover when calls are delayed the 
operator shift pattern is required.
8. Number of consoles: This is the number of positions where operators can physically answer calls 
and access a terminal. Discussions with Birmingham City control centre operators revealed that 
when shifts change then if calls are waiting to be answered the incoming operators would start their 
shift and answer calls, while the operators whose shift is ending will also answer calls. Clearly this 
can only occur if there are sufficient consoles available. The methodology of shift changes is 
discussed further in section 8.7.1.
9. Estimation of shift pattern: Section 8.1 indicated that one of the model outputs was an indication of 
the most efficient shift pattern. If this is required additional information is needed:
The number of users on a scheme varies, a scheme could have 25 or over 100 users. Using the number of 
schemes is therefore based on the average number of users. For example, running the simulation with 3 schemes 
if the call profile for a  category was based on just 2 schemes with 25 and 75  users would result in the 3rd 
hypothetical scheme having an average of 50 users ((25+75)/2). Using the number of users would enable the 
simulation user to enter the actual number of users on the 3rd scheme, for instance if there were 40 users on this 3rd 
scheme, the simulation user would enter 140 users (25+75+40). 180
■  Required utilisation rate: This indicates how busy the operator(s) should ideally be. Therefore, 
if 70% is entered the model should suggest a shift pattern where 70% of the operator(s) time is 
spent answering calls.
■ Minimum number of operators per shift: If a control centre does not receive many calls at 
certain periods of the day it may be that only 1 operator is required. However, due to possible 
health and safety regulations it may be that a minimum of 2 operators must be on duty at any 
one time. Therefore, the minimum number must be obtained from the simulation user.
■ Maximum number of consoles: The model could be used to estimate the required number of 
operators at busy times that may exceed the number of consoles available. If a new control 
centre system is to be installed then the number of consoles available is not a constraint and the 
model could be used to indicate how many consoles should be available. However, other 
simulation users may have to work within the existing constraints and estimating a shift pattern 
which exceeds the number of consoles available would be of little benefit. In such 
circumstances the model must estimate the shift pattern with the maximum number of operators 
on duty at any one time specified by the number of consoles available.
8.6 Process 2: Generate Calls
Based on the model characteristics defined in process 1 (section 8.5), this process generates a list of 
simulated calls that can then be analysed in the remaining processes. The pseudo-code below indicates 
the structure.
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BEGIN
IF data entered correctly from process 1 TH E N  
Find the months required in the simulation run
IF there is call data in the core database for all of the required months TH E N  
Current_date = start day of simulation run
Create database to store simulated call results and the model characteristics used to generate these calls 
C ate g o ry jis t = list of unique categories required for each month in simulation run*
W hile Current_date <= end of simulation run date 
Generate list of calls for Current_date 
Current_date = Current_date + 1 day 
Loop
Save model characteristics used in database 
Else
Inform user that call data does not exist in the core database 
End 
Else
Inform user what information is required 
End 
End
* i.e. if a  category is Pulled in Error (PIE) and both sheltered housing and dispersed users are included in the simulation 
run then there are 2  categories. PIE from sheltered housing and PIE from dispersed users
The key to this section and possibly the accuracy of the overall model is defined by ‘Generate list of calls 
for Current_date’ and therefore the processes involved merit particular attention.
1. The above pseudo-code contains a real calendar date (Current_date = 22/12/00) and in the first 
occurrence of the loop this is set as the start date for the simulation run. This first process must 
identify the particular month of the Current_date. In this example this is ‘December’.
2. As data is stored in the core database under week and weekend day types, the type of day refereed to 
by Current_date must be obtained. In this example 22/12/00 would be a weekday.
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3. Category_list contains a list of the unique categories defined by the 6 characteristics in section 8.4. 
A pointer is required to indicate which category in the list is being pointed at. In the first instance, 
the first unique category will be required and the corresponding call profile, stored in the core 
database, should be retrieved.
4. Having found the call profile, one of the fields must indicate the total number of calls received for 
week and weekend days. The 22/12/00 has been defined as a weekday, therefore the weekday field 
is retrieved from the core database. In addition the number of days over which the calls were 
generated must also be retrieved.
5. The total number of calls for this category can be calculated using Equation 8.2
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[N calls:CDB X  ^  mod
N
Kdays :CDB xU. 8.2
N caiis:CDB = Average number of calls defined in the core database for this category, in this example 
for week days.
Umod = Any user defined percentage change in the number of calls, for example if 10% more were 
required Um0d = 1.10 if the user does not enter any change Umod = 1.
Ndays:CDB = Number of days over which NcaiiS:CDB was gathered, defined in the core database.
Nusers:CDB = Average number of users who generated Ncaus:CDB, defined in the core database.
Uusers = The number of users defined in the simulation run for this category of call.
6. Equation 8.2 will indicate the average number of calls in a specific category received at the control 
centre on the Current_date. This number will be the same for each day type (week or weekend) but 
in practice the average number will not occur everyday and there will be some variation around the 
mean. In order to achieve this variation, the normal distribution is used to alter the number of calls 
received within defined limits of ±5% as indicated by Fig 8.4. This allows the majority of the calls 
to be distributed around the mean, with the reduced possibility that some will be subjected up to a 
5% change.
Figure 8.4: The sim u la ted  nu m ber o f  ca lls  su b jec ted  to the norm al d istribu tion
7. Having calculated the number of calls that should be simulated for the category and day in question, 
when these calls occur should be based on the call profile indicated by the core database. The core 
database contains the call profile on an hourly basis (summation of the 12, 5 minute time slots for an 
hour) and a number can be assigned to the occurrence of each call as indicated in Table 8.4.
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Table 8.4: Generating the occurrence o f simulated calls based on core database call profile
Hour Frequency N um ber range0 1 01 02 0
3 1 1
4 0
5 06 1 2
7 08 3 3,4,5
9 6 6,7,8,9,10,1110 2 12,1311 6 14,15,16,17 ,18,1912 6 20,21 ,22 ,23 ,24 ,25
13 1 26
22 4 43,44 ,45 ,46
23 2 47,48
Process 8 will generate a random number, in this example between 0 and 48, and the number 
generated will indicate the hour the call was received. For example, if the number 18 was randomly 
generated this would indicate the call should be received in hour 11. However, Table 8.4 indicates 
that some of the hour time slots contained no call data and consequently such a method would never 
simulate calls in these time slots. Although the core database may indicate that calls do not occur at 
certain hours of the day, in practice there is always the possibility of a call occurring. To resolve 
this issue, 1 is entered into any hour’s frequency where no calls are evident with the frequency of the 
others is increased by 100%. This therefore, provides a small possibility that a call will occur in an 
hour time slot even if the core database indicates that non are present.
8. Having generated a suitable call profile, a random number generator can be used to identify the hour 
the simulated call is received at the control centre.
9. The 5-minute time slot in which the simulated call is received can be calculated in a similar fashion 
to that described in processes 7 and 8.
10. The actual minute can be calculated using a random number generator as this level of detail is not 
held within the core database. For example, if the 5-minute time slot was 10 to 14 then the result of a 
random number generator between 0 and 4 can be added to 10 and the actual minute known.
11. The actual second of the call can be based on a random number generator between 0 and 59. The 
actual time of the simulated call is now defined, for example ‘22/12/00 13:31:58’.
12. Section 8.1 indicated that the model should be used to generate results within a given time period, 
such as 08:00 to 10:00. In this example with the simulated call occurring at 13:31:58 the call should 
not be included and processes 13 to 20 ignored.
13. The duration of a call is only required when the operator is involved, therefore if it is a system call 
processes 13 to 20 can be avoided. The duration of operator calls is again based on the information 
provided in the core database. For example if the simulated call occurred in hour 13 of a week day, 
then the core database will contain a field indicating the average duration for this particular hour and 
unique category. However, it could be possible that no data is provided in this field and the duration 
unknown. If this situation arises the core database should be analysed for the duration of the first 
occurrence before the hour in question and the first after this. For example, using ‘22/12/00 
13:31:58’ if no duration data was available in hour 13, then the hours prior to and after hour 13 
should be analysed and when a figure is found, an average of these taken.
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14. If the simulation user suggests a percentage change to the duration of the call acquired in the 
previous process then this should be applied at this stage.
15. In a similar fashion to process 6, a 5% variation should be applied to the duration of the call to 
ensure that calls do not all have the same average duration. However, the duration of calls varies 
quite considerably in practice. For example, if an ambulance is sent to a users home the operator 
may inform the user and close down the call, or they may continue to talk and comfort the user until 
the ambulance arrives. Therefore, a 5% variance on the hourly average does not provide sufficient 
capability to model the real world. Consequently, in addition to the 5% variation it is suggested that 
1 in 8 calls be exposed to a further 15% variance; again following the normal distribution.
16. The time the call is closed can be calculated by adding the duration to the time the simulated call 
was received. Having generated the call this information should be recorded in the results database.
17. The core database should be analysed and the probability of an outgoing call to a responder, doctor, 
or the emergency services obtained. This should be based on the time the simulated call was 
received, i.e. the probability during office and non-office hours. The duration of the outgoing calls 
should also be retrieved.
18. A random number generator can be used to establish if an outgoing call is made. For example, if 
there is a 20% chance of the police being contacted then a random number between 1 and 100 can be 
generated and if the number is <=20 then it can be suggested in this instance that the police are 
contacted.
19. If an outgoing call results, its start time can be indicated by the time the incoming call was closed, 
identified in process 16. The duration of the outgoing call can be based on the time defined in the 
core database with a 5% variance.
20. Processes 17 to 19 should be repeated for all outgoing call types.
21. Processes 8 to 20 should be repeated for the specified number of simulated calls occurring for the 
current category.
22. The pointer indicting the list of unique categories should be incremented to point at the next 
category.
23. If there are more categories that have yet to be simulated then processes 3 to 22 should be repeated.
24. The Current_date should be incremented and the category pointer reset to the first category.
25. Process 1 to 24 should be repeated until the Current_date is greater than the end date, indicating the 
end of the simulation run.
26. All of the simulated calls are entered sequentially into a table in the results database. These calls 
therefore need to be sorted based on the time a call was received.
27. If the simulation user requires an estimated shift pattern, the simulated calls table should be copied.
8.7 Process 3: Generate Results
8.7.1 Imposing the shift pattern on the simulated calls
The previous processes generate a list of simulated calls such as that indicated in Table 8.5.
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2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:03:22 125 13:05:27 06 13:06:00 13:06:00 178 13:08:58 0
7 13:07:25 13:07:25 35 13:08:00 0
The list of simulated calls are now exposed to the shift pattern and modified to reflect when the they 
were actually answered and any associated delays. Using the list of simulated calls in Table 8.5, Fig 8.5 
indicates the outcome of this process if 2 operators are on duty and the shift pattern does not change 
during this period.
Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:55 178 13:09:53 55
7 13:07:25 13:07:25 35 13:08:00 0
Figure 8.5: Imposing a shift pattern when the number o f operators does not alter
However, when the number of operators on duty changes then the situation is more complex. As part of 
Process 1 (section 8.5), the simulation user was required to enter the number of consoles available and 
indicate if the operators physically changed at the end of the shift. Assuming the number of consoles 
available is 3 and that 2 operators are on duty prior to a shift change at 13:05:00, then the impact is as 
described in Fig’s 8.6, 8.7 and 8.8.
Fig 8.6a indicates that 2 operators are on duty prior to the shift change at 13:05:00 and at this time a 
single operator replaces them. Because the 2 operators are answering calls at the time the shift changes 
they continue with these calls until they are completed and leave their consoles at 13:06:55 and 13:07:10. 
If they were not answering calls then they would leave the console at the shift change, 13:05:00. 
Because there are 3 consoles available and 1 is not being used when the shift changes the new operator 
can commence at 13:05:00 on this free console and answer calls immediately. Thereafter all calls are 
answered by the single operator as the previous operators have left.
However, if the control centre had only 2 consoles and both of these were being used then the new 
operator could not answer calls until a console becomes available. In the example in Fig 8.6a, this occurs 
at 13:06:55 and the new operator replaces the previous operator at this time.
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■ ■  * 5
■  a
CD
■
Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:00 178 13:08:58 0
7 13:07:25 13:08:58 35 13:09:33 93
= operator before shift change
= operator after shift change
13:00:00 13:05:00 13:10:00
(a): Shift change with a free console and a reduction in the number o f operators
■ ■
Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:55 178 13:09:53 55
7 13:07:25 13:09:53 35 13:10:28 148
13:00:00 13:05:00 13:10:00
(b): A reduction in the number o f operators at the shift change without any spare consoles available 
Figure 8.6: Impact o f shift changes where number o f operators reduces
It could be possible that at a shift pattern exists where the operators do not physically change. Examples 
would include where 2 operators may be on duty from 06:00:00 to 13:05:00, but due to 13:05:00 to 
14:00:00 being a period where few calls are received 1 of the operators leave and 1 of them continues to 
14:00:00. As such, at 13:05:00 the operator does not physically change. If the model assumed that at the 
end of every shift the operators were replaced as indicated in Fig 8.6a the wrong result would be evident. 
Instead the appropriate result is that indicated in Fig 8.6b (assuming the first operator to finish at or after 
13:05:00 is the operator who leaves).
Fig 8.7 indicates the appropriate response when the number of operators does not change at the shift 
change, while Fig 8.8 indicates the response when the number of operators increases by 1.
mm
Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:00 178 13:08:58 0
7 13:07:25 13:07:25 35 13:07:50 0
■ - ■
13:00:00 13:05:00 13:10:00
Figure 8.7a: The impact o f a shift change where the number o f operators does not change and operators
physically change
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Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:55 178 13:09:53 55
7 13:07:25 13:07:25 35 13:07:50 0
13:00:00 13:05:00 13:10:00
Figure 8.7b: The impact o f a shift change where the number o f operators does not change and operators 
do not physically change, i.e. in affect no change to the shift
Call no. Received Answered Duration Closed Delay
1 13:00:00 13:00:00 120 13:02:00 0
2 13:00:40 13:00:40 100 13:02:20 0
3 13:02:50 13:02:50 120 13:04:50 0
4 13:03:00 13:03:00 250 13:07:10 0
5 13:03:22 13:04:50 125 13:06:55 88
6 13:06:00 13:06:00 178 13:08:58 0
7 13:07:25 13:07:25 35 13:07:50 0
■ ■
13:00:00 13:05:00 13:10:00
Figure 8.8: The impact o f a shift change where the number o f operators increases from 2 to 3
In the example of Fig 8.8, whether the operators physically change or not has no impact upon when calls 
are answered. This is because at the time of the shift change all 3 consoles are being used. If the 
operators physically changed then at 13:05:00 the 2 previous operators would continue with calls 4 and 
5, while one of the three new operators could begin on the spare console. However, the remaining two 
new operators could not begin until 13:06:55 and 13:07:10 when the consoles became available. This in 
affect is the same position as the two operators continuing after the shift change with a single new 
operator commencing at 13:05:00, as the old operators are replaced at 13:06:55 and 13:07:10.
In order to enable this approach for each shift it is necessary for the simulation user to define:
■ Shift pattern: The start and end time of a shift for both week days and weekends.
■ Operators: The number of operators on duty during a specific shift.
■  Physical change: Whether the operators physically change at the end of the shift.
Despite this level of detail, the model does not fully reflect the real world in several identifiable ways:
1. Calls are answered immediately: As soon as a call is completed the next call can be answered 
immediately. Therefore, if a call ended at 13:02:00, the same operator can answer the next call at 
13:02:00. A delay could be entered but the delay would be arbitrary and hence is not included.
2. Logging on and off duty. Each operator must log on and off their console, therefore every call they 
answer can be recorded in the control centre database for accountability purposes. No provision is 
provided in the model for the time it takes to log on and off duty.
3. Shift breaks are ignored: In the model it is possible for an operator to be answering calls for their 
entire shift. Discussions with operators indicated that breaks tend to be taken when calls are not
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present and therefore are not structured in the sense that after 4 hours, a 15 minute break will be 
taken. Because of variability of breaks they are not included in the model.
4. Changing shifts: If the operators physically change at a new shift it is probable that at busy times, 
the new operators may start prior to the shift change, while the operators whose shift has ended may 
continue and answer some of the calls after the time they were expected to leave. Such a possibility 
is not quantifiable and is therefore ignored in the model.
5. Additional unscheduled operators: At particular busy periods it may be that additional operators can 
assist the control centre that are not scheduled in the shift pattern. After the number of queued calls 
reduces these additional operators return to their previous work. Due to the variability of such a 
possibility no provision for this is provided in the model.
6. Leaving operators: In the model, if the number of operators at a shift change reduces then the first 
operator to end a call at, or after the shift change, is the person who leaves their console. In practice 
it may be an alternative operator who is scheduled to leave. For example, if a shift ends at 14:00:00 
and 1 of the 2 operators leave if the times they finish calls is 14:02:00 and 14:05:00, the model 
suggests that the operator finishing at 14:02:00 leaves and the next call can be answered at 14:05:00. 
However, if the operator finishing at 14:05:00 is the operator who leaves, calls can be answered 
from 14:02:00.
7. Physical change of operators: Although Figs 8.7 to 8.8 indicate the provision for operators
physically changing at the end of a shift they only allow all or none of the operators to leave. It may 
be that in certain circumstances this does not provide sufficient flexibly. For example, if a shift had 
1 operator from 06:00:00 to 14:00:00 and during 07:00:00 to 09:00:00 an additional operator was 
present then at 09:00:00 one operator will physically change and the other will remain. However, 
discussions with operators revealed that at present, such a situation is rare as shifts tend to be for 8 or 
12 hours and as such the operators will physically change at the end of their shift.
The overall process is described in the pseudo-code below and central to the process is an 
Operators_array. This must be a dynamic array to reflect the number of operators on duty and each 
element within it contain the time the operator finishes a call. For example, an array which is 3 elements 
large indicates 3 operators are on duty, and the information within the array indicates the finishing times, 
if an element does not contain any information then the operator is waiting for a call.
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BEGIN
Move to first simulated call (Table 8.5)
Initialise Operators_array with 1 empty element
WHILE not at end of simulated call list and call required operator 
Find the time the call was received 
Move to first element in Operators_array 
WHILE not at end of Operators_array
If the time the call is received is greater than the time in Operators_array then delete that element in array 
LOOP
If 1 or more operators free to answer call THEN
Find the day type (week/weekend) when call was received 
Find the number of operators on duty when call was received 
ELSE
Find the first operator to be free in Operators_array 
Find the day type (week/weekend) when first operator becomes free 
Find the number of operators on duty when first operator becomes free 
END
If required number of operators differs to size of Operators_array THEN  
If required number of operators> Operators_array THEN 
Increase Operators_array to appropriate size 
ELSE
WHILE require number of operatorso Operators_array THEN  
Remove last operator to be free in Operators_array 
LOOP 
END 
END
Operators_array(x) = first operator able to answer a call in Operators_array 
If operator waiting for call (Operators_array(x)=empty) THEN 
Move to next call in simulated call list
WHILE call category = responder, doctor, police, ambulance or fire THEN 
Move to next call in simulated call list 
LOOP
Move to previous call in simulated call list
Enter closed time of current call in simulated call list into Operators_array(x)
ELSE
The answered field of current call in simulated call list = Operators_array(x)
The closed field of current call in simulated call list = Operators_array(x) + duration of current call 
The delay field of current call in simulated call list = time call answered -  time call was received 
Move to next call in simulated call list
WHILE call category = responder, doctor, police, ambulance or fire
The answered field of current call in simulated call list = closed time of previous call 
The closed field of current call in simulated call list = time call answered + duration of current call 
Move to next call in simulated call list 
LOOP
Move to previous call in simulated call list
Enter closed time of current call in simulated call list into Operators_array(x)
END
LOOP
END
8.7.2 Estimating an efficient shift pattern
The other main attribute o f this third process (generate results) is the estimation o f an efficient shift 
pattern. This should only be calculated if the simulation user requests it, and after estimating the 
required number of operators, this shift pattern can be applied to a copy o f the simulated calls, as 
described in section 8.6, from which results can be generated.
The shift pattern should be estimated based on 30-minute time intervals. This provides the simulation 
user with a detailed analysis o f the call workload while still providing an overview o f the whole 24-hour 
cycle. Thirty minute time slots have also been used to report results in the IMAJ software described 
earlier[406). In order to estimate the shift pattern 6 processes are required:
1. Calculate the required operator time. Based on the simulated call list for each 30 minute time slot 
this process should calculate how many seconds were spent answering calls. This should be based 
on both weekdays and weekends and can be calculated from the time each call was answered and its 
duration. Therefore, if a simulated call was answered on Friday 22/12/00 at 23:18:00 and was
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completed the following day at 00:02:15, then this should be recorded as indicated in Table 8.6. 
This should be repeated for every simulated call that requires the operator.
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Table 8.6: Calculating the required operators time for an estimated shift pattern
Time slot Contents of tim e slot
Week day 23:00:00 to 23:29:59 
Week day 23:30:00 to 23:59:59 
Weekend 00:00:00 to 00:29:59
Increment by 719 (11 min 59 sec) 
Increment by 1799 (29 min 59 sec) 
Increment by 135 (2 min 15 sec)
2. Calculate the number of days for which the simulation was run: In terms of the number of week and 
weekend days.
3. Estimate the required number o f operator minutes: When estimating the shift pattern, the simulation 
user was required to enter a preferred utilisation rate, which indicates how busy the operator(s) 
should be, i.e. if 50% were entered, 50% of the time should be sent on calls and 50% waiting for 
calls/performing other tasks. This figure can be used to estimate the required number of operator 
minutes for each 30-minute time slot as indicated in Equation 8.3. The result o f  this equation 
indicates how many minutes are required for the particular time slot. For example, if the number of 
seconds on calls was 600 (10 minutes) and the required utilisation 50%, and the number of seconds 
on calls was based on two week days, then for the time slot in question 10 minutes of operators time 
would be required.
Number o f seconds spent on calls/60 /  *456
Required utilisation /  © n
/ Number o f days (week or weekend)
4. Suggest the number of operators: The result from Equation 8.3 should be divided by 30 to indicate 
the required number o f operators. The 30 representing the number o f minutes a single operator is 
available in the 30-minute time slot. Because it is only possible to have a whole operator on duty the 
result should be rounded to the nearest whole number.
5. Ensure correct number of operators: If the suggested number o f operators is below the minimum 
defined by the simulation user, then the suggestion should become the minimum. Conversely, the 
user could specify a maximum number of operators, and if  so the suggested number o f operators 
should not exceed this.
6. Process 27 in section 8.6 indicated that the list o f simulated calls was copied and therefore the final 
process is to repeat section 8.7.1 with the estimated shift pattern. This can be used to indicate the 
impact of the estimated shift pattern on the calls received, and the results can be compared with the 
user entered shift pattern.
8.8 Display results
The list o f simulated calls now provides details o f when every call was received, answered, closed and 
any corresponding delay. If the simulation user requested an estimated shift pattern then an additional 
list of calls will also be evident. The final process can therefore analyse these lists, and the results o f the 
simulation run obtained. The results can be categorised into three sections:
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8.8.1 Call results
1. Summation of the number of calls: Analysis of when calls were received for example, for each 
category of call how many calls were received for each hour or half hour segment of the day. In 
addition to analysis on category name, the results should be grouped according to system or 
operator, and sheltered housing or dispersed user.
8.8.2 Operator results
For each half hour time slot (i.e. 00:00 to 00:30 etc.) the results should include:
1. Total number of operator minutes during simulation run: I.e. how many minutes of operator(s) time 
was available. Thus if the simulation covered 2 days and 1 operator was on duty for the particular 
half hour time slot during these 2 days then the number of available minutes would be 30 minutes * 
2 days = 60 minutes.
2. Total time spent on calls: For the duration of the simulation run, how much of an operators time was 
spent speaking to callers.
3. Daily number of operator minutes: The average daily number o f minutes that operator(s) were 
available to answer calls.
4. Daily number minutes spent on calls: The average daily amount o f time operators spent speaking to 
callers.
5. Operators utilisation: Calculation of how much of the operator(s) time was spent speaking to callers.
6. Number of callers who had to wait: For the duration of the simulation run, the number of callers 
who had to wait before they could speak to an operator.
7. Average wait time: For the duration o f the simulation run, for those callers who had to wait to be 
answered the average delay should be calculated.
8. Maximum delay: For the duration of the simulation run, the maximum that any one caller had to 
wait to be answered.
9. Details o f every delay: For the duration of the simulation run for every caller who had to wait to be 
answered, the exact delay time should be displayed.
10. SQL interrogation: Using the Standard Query Language for interrogation of databases the list of  
simulated calls should be available for any user entered query.
8.8.3 Costing
The costs o f the simulation run should be presented for the duration o f the simulation run, for an average
week and an annual figure. The results should be calculated from:
1. Telephone calls: The minimum telephone charge and the average charge per minute for peak and 
off-peak times can be obtained from the simulation user. Based on these costs the list o f simulated 
calls can be analysed and the costs calculated.
2. Shift costs: For both the week and weekday shifts the cost o f a single operator per shift should be 
provided by the simulation user.
3. Maintenance: The average weekly maintenance cost for equipment, based on dispersed users and 
sheltered housing users or schemes, depending on the parameters chosen for the simulation run.
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4. Income: The average monitoring charge per user for dispersed users or sheltered housing
users/schemes depending on the parameters chosen for the simulation run.
When generating the results it should be appreciated that calls could be evident after the intended end of 
the simulation run. For example, if the simulation was intended to end at 22/12/00 00:00:00 then if only 
1 operator was on duty and a call was received at 21/12/00 23:34:12 lasting for 40 minutes, then all o f  
the subsequent simulated calls after 23:34:12 but generated before the end o f  the simulation run will not 
be answered until after the end of the run. As the simulation user was only interested in calls within the 
time scale they defined, these calls should not be included in the results, however the user should be 
informed of such calls.
8.9 Conclusions
This chapter has indicated the relevance of a simulation package as it can be used to model future 
telecare systems and provide an indication of the impact on service delivery. Several ‘off the sh elf  
simulation packages were identified and could be used to provide a general insight, however a simulation 
model was required that could be used to analyse any current control centres database. Having obtained 
data on a control centre’s workload, the model could then be used to modify these historical categories or 
new categories added. For example, if a new device such as a fall detector became available and a field 
trial was performed then results of the trial could be added to the model and the impact of more users 
having the device investigated.
This chapter has sought to provide an overview of the design of the simulation model and highlights 
particular areas of importance including:
■  How call categories are defined and the necessary data requirements to obtain a realistic model.
■  What parameters are required from the simulation user to define a particular simulation run.
■  How simulated calls are generated.
■  How the simulation user’s shift pattern is imposed onto the simulated calls.
■  How an efficient shift pattern can be estimated.
■  The results to return to the simulation user.
Despite this chapter covering the main aspects o f the model, further more detailed comments are 
provided within the program code. This is best viewed in visual basic as the comments are identified in 
green. However, the program code is also provided in a rich text format (RTF) on the attached CD and 
can be viewed by most text editors. The automatic database analysis is refereed to as the 
‘Telecare_utility’ program and the simulation itself, the ‘Telecare_simulation’, the appropriate files can 
be found in the ‘Telecare_code’ folder.
The actual programs have been tested on Windows 95 and 98 machines and can be installed following 
the onscreen instructions. The programs can be found in the ‘Telecare_progs’ folder on the attached CD. 
The destination folder chosen during the installation process will also install a help file, although the help
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files for both the utility and simulation program have been reproduced in Appendix A8.1 and A8.2 
respectively.
Having created the model, Chapter 9 will validate it and run various scenarios indicating the impact that 
a 2nd generation system may have on service delivery.
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9  M o d e l  R e s u l t s
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Chapter structure: Having created the service delivery model, particular attention is given to validating 
the model to ensure it simulates the current system. Once this has been achieved the impact of the 2nd 
generation telecare system described in Chapter 5 is estimated and included in the model to discover the 
service delivery implications.
The completed model o f Chapter 8 provides an insight into the operation o f what may be considered the 
focal point o f the telecare system, the control centre. In a similar manner to the cost analysis model, this 
model can be used in a variety of ways to generate results and therefore this chapter provides an 
overview o f the main outputs. The model as created simulates the current system and provides an 
indication of the possible impact of new technologies. For example, the use of a fall detector and its 
anticipated call profile can be included in the model to indicate the effect this may have on the loading of 
the control centre. It may be suggested that the creation o f a model that simulates the current system is 
not particularly beneficial. However, the results o f a model which cannot been validated are of doubtful 
value14011, while the analysis of the current system leads to a better understanding o f the system and may 
therefore reveal improvements to that system during the modelling process.
9.1 Model Validation
This refers to determining whether the model accurately represents the intended system, it does not 
therefore test the programming of the model, but rather the results o f the model in relation to the target 
system14011. In order to ensure a models accuracy Law and Kelton suggest five techniques14011:
9.1.1 Collect High quality information and data on the system
In order to model the present system it is necessary to understand how that system works. Throughout 
the duration of the research access has been granted to Birmingham City Council’s control centre and the 
results o f an analysis o f this control centre have been previously reported14091. Two of the project 
sponsors, TeleLarm and Pentyre, provided this system, while investigation of other control centres has 
also been conducted25. In addition to understanding how the control centre works from a manager’s 
stance, informal discussions with operators have also been conducted. The role o f the control centre and 
its information handling was also investigated from the warden’s and community alarm users 
perspective, with the results reported in Chapter 3.
From a clear understanding o f how the control centre system operates, the model can be created to reflect 
the changes and constraints under which it currently functions. Having created the model, in order to 
simulate its operation accurate data is required with this being obtained from Birmingham City Council 
and Pentyre. Access was granted to historical data held on the control centres database which contains 
details o f every call received at the control centre and the response made by the operators26. In order to
Investigation of the Jonteck system and call data was provided by Mr Roger Brett, Barking Community Centre 
manager and the then chair of the Association of Social Alarm Providers (ASAP). While investigation of the 
Tunstall call centre system and data was provided by Mr Vince Foot, Chichester Community Careline manager and 
Mrs Eileen Ganne, Orbit Housing Association control centre manager and then member of the executive committee 
of ASAP.
This database with a file name of ‘CC_database’ is provided on the accompanying CD.
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maintain confidentiality, this database only contains details o f call occurrence and duration. At the 
request o f the control centre manager the data covers the period from June 1999 to November 1999.
9.1.2 Interact with the business manager on a regular basis
Throughout the creation of the model regular input from interested parties has been sought. Quarterly 
meetings with the review group, consisting of Birmingham city’s control centre manager, and the 
supplier and manufacturer o f the control centre system used in Birmingham were maintained. While 
further meetings with the control centre designer have ensured that the database was understood and the 
contents accurately transferred to the model. For example, when seeking to transfer the real-world data 
to the model it became apparent that the database contained what may have been considered as 
incomplete data in three respects:
1. Calls without an origin: i.e. the database acknowledged a call but did not indicate whether the call 
originated from sheltered housing or a dispersed alarm user.
2. No closing down comment: The control centre system requires the user to indicate the action taken 
from a drop down menu and the call should not be able to be closed without this data. However, the 
database contained calls without this data.
3. No duration o f call: The data indicated that an operator responded to a call but the duration of the 
call was zero seconds.
Discussions with the control centre manager and system designer revealed that these were calls where a 
member of the control centre staff had incorrectly opened a users record or ‘pseudo calls’ that were 
generated for training and information purposes. As such, these calls should not be included in the 
model as they do not result from callers, they should also not be held within the control centre’s database 
as the results o f any management information system analysis will contain these calls. In the 
transformation of the data into a form suitable for the model, these calls have been removed.
9.1.3 Maintain an assumption document and perform a structured walk-through
The assumptions o f the model fall into 2 categories, generating the simulated calls and the operator’s 
response to these calls. The assumptions used to generate simulated calls were highlighted in section 8.6 
and centre around how calls are grouped into the 5-minute time slots. Alongside this is the assumption 
that the average duration of calls can be based on hour time slots.
Section 8.7.1 lists the assumptions associated with shift changes, indicating that provision is provided to 
include the possibility that operator(s) will continue on a call after the shift change, while new operators 
will only answer calls when consoles are available. The finial assumption is reported in section 8.8.3, 
which indicates that only calls answered within the end date of the simulation run are included in the 
results.
The structured walk-through refers to a paper exercise where the model and its assumptions are agreed 
prior to the commencement of programming. The majority of the assumptions in this model were agreed 
with the project review group prior to the commencement o f programming, although as the
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understanding o f the current system was enhanced further assumptions were included, for example in 
association with the shift change.
9.1.4 Validate components of the model by using quantitative techniques
In terms of ensuring that the model outcomes reflect anticipated figures, investigation is required for both 
the utility and simulation program. The utility program must be validated to ensure that the 
automatically generated core database reflects the original control centre data. While the model itself 
should be validated to ensure the simulated results reflect the core database. Having validated the model 
with known data, confidence can be given to the results o f the model when hypothetical call profiles are 
investigated.
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The utility program
As discussed, the control centre’s database contains data that does not originate from a community alarm 
user. Table 9.1 therefore indicates the number o f calls that should be included in the core database and 
the actual number generated as a result o f the utility program.
Table 9.1: Comparison of calls evident at the control centre and those generated in the utility program
Month Number of calls 
in the control 
centre’s database
Number of calls 
that should not 
be included, such 
as ‘pseudo calls’
Actual number of 
calls to include in 
the model
Number of calls 
generated for the 
core database
Difference
June 22,767 1,722 21,045 21,047 +2
July 23,075 1,414 21,661 21,660 -1
August 22,681 1,550 21,131 21,129 -2
September 22,146 1,261 20,885 20,883 -2
October 22,891 1,354 21,537 21,537 0
November 23,831 1,576 22,255 22,254 -1
Clearly the utility program can analyse a control centre’s database and generate a list o f categories 
reflecting the required number o f calls. With the exception o f October, Table 9.1 indicates that for each 
month, the generated core database was slightly incorrect and it is unclear why this should be so, 
however as the error is so slight it can be ignored. However, to ensure that the calls are dispersed within 
the appropriate time slots further investigation is required and can be performed by an individual SQL 
statement on the control centre’s database. For example, a typical statement may be:
“SELECT UNIT_CATEGORY, CALL_TYPE, RECEIVED FROM histlog WHERE ((month 
(RECEIVED) = "6" and call_type = "C" and comments_code = "1") and (hour
(RECEIVED)="9"));”
For the month o f June this SQL statement will indicate the number o f calls received at the control centre 
where the caller requested a carer in the period 09:00 to 10:00. The result o f this SQL statement can be 
compared with the generated core database and in both cases 25 calls were evident.
Similarly, the SQL statement:
“SELECT UNIT_CATEGORY FROM histlog WHERE ((month (RECEIVED) = "7" and 
call_type = "P") and (hour (RECEIVED)=’T 1"));”
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will obtain the number of pulled in error calls during the 11th hour of the day for the month o f July. A 
figure o f 138 calls is obtained from this statement and the generated core database agrees with this 
figure. Such SQL statements can be repeated for all categories o f call evident in the control centre’s 
database. Analysis o f the 5-minute time slots is not performed as the 1-hour total in the automatically 
generated core database is obtained by adding the appropriate 5-minute time slots together and therefore 
this verification is performed indirectly. A dozen random time periods and categories were selected and 
the appropriate results obtained. This indicates that the utility program successfully attributed a call in 
the real-world control centre database to the correct category and time slot in the generated core 
database.
The other attribute of the utility program is to automatically generate the duration of calls for specific 
hours and individual SQL statements again can verify this. For instance, the statement:
“SELECT avg (DateDiff ("s",[response],[cleared])) FROM histlog WHERE (call_type = "C" and 
comments_code = "1") and (hour(RECEIVED)="9") and month(response) = 6 and unit_category = "2" 
and ((day(RESPONSE) = 5 or day (RESPONSE) = 6 or day(RESPONSE) = 12 or day(RESPONSE) = 13 
or day(RESPONSE) = 19 or day(RESPONSE) = 20 or day(RESPONSE) = 26 or day (RESPONSE) =
27));”
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obtains the average duration of calls where a carer is requested during the 9th hour of weekdays in June, 
with the call originating from users dispersed in the community. The result o f this statement is a figure 
of 54.8 that compares favourably to a figure o f 55 in the generated core database27. In a similar manner 
other random checks indicated that the utility program accurately obtained the average duration of calls.
The simulation program
Because the utility program accurately generates the core database, running the simulation with this 
created core database should reflect this data and indirectly the original control centre data. The 
simulation can be tested in a number of ways as described below:
Using the generated core database should result in the same number of calls being simulated. For 
example, during June the core database indicates that there were a total o f 21,047 calls. Running the 
simulation for the month o f June with all o f the categories included should reproduce this figure. 
However, section 8.6 indicated that having generated the number o f calls for a particular category, in 
order to ensure that the same call profile is not reproduced for every day in the simulation run, the 
number of calls are exposed to a 5% variable using the normal distribution. In order to compare like 
with like, this function was disabled during the analysis o f the number o f calls. Also, the probability o f  
outgoing calls to the doctor, responder, or emergency services, was disabled as the total number of calls 
in the core database does not include these calls. Instead it indicates the probability o f an outgoing call 
for each unique category based on the control centre’s actual data. When every category o f call is
The field where the duration is stored is an integer field and therefore only whole numbers are permitted in the 
database. The utility program therefore rounds the figure of 54.8 to the nearest whole number. The alternative 
would be for the duration field to be stored as a single or double which require 4 and 8 bytes respectively, 
compared to 2 bytes for an integer.
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included, Table 9.2 indicates the expected number of calls for each month (from the core database and 
therefore from the actual control centre’s data) and the corresponding results from the model.
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Table 9.2: Comparison of the core database and simulated model results
Month
Core database Model results
Total System Operator Total System Operator
June 21,047 14,518 6,529 20,996 14,504 6,492
July 21,660 15,401 6,259 21,678 15,403 6,275
Aug 21,129 14,457 6,672 21,058 14,428 6,630
Sept 20,883 14,728 6,155 20,894 14,734 6,160
Oct 21,537 14,690 6,847 21,461 14,690 6,771
Nov 22,254 15,301 6,953 22,214 15,322 6,892
The model results were obtained by running the simulation twice, and as would be expected the same 
model outcomes were obtained in both runs. It is clear from Table 9.2 that the model does not reproduce 
the exact number of calls as indicated by the core database and this is due to rounding calls to whole 
numbers. For example, the core database indicates that in June there were 115 calls from users dispersed 
in the community categorised as ‘No response - closed down’, i.e. the alarm was raised but the operator 
could not communicate with the caller, and these calls were received during 22 work days. Therefore, 
the number of calls per day is 5.23 (115/22). As a control centre cannot receive a fraction o f a call the 
model rounds the number to the nearest whole number, indicating a figure of 5 calls. As the model 
analyses and creates calls on a daily basis, over the 22 week days the number o f calls will be calculated 
as 5 * 22 = 110; 5 less than is evident in the core database. This occurs for all categories in the 
simulation run and therefore accounts for the slight discrepancy between the core database and model 
outcomes.
Having generated the correct number of calls, when these calls occur in the model should also be 
validated and follow the trend indicated in the core database. The model should not produce an identical 
match as the model is designed to introduce some variability, however the model should reflect the 
general trend o f the core database. The comparison o f the call profiles can be seen in Fig. 9.1.
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(a): Weekdays only
Core database 
Model
Hour
(b): Weekends only
Figure 9.1: Comparison o f call profdes
It can therefore be suggested that the model reflects the core database, and by implication the real control 
centre data.
The probability of outgoing calls to the doctor, responder, or emergency services should also be verified 
and this can be achieved using the model. The real-world control centre database indicates the actual 
number of outgoing calls using an SQL statement such as:
“SELECT * FROM histlog WHERE (AMBULANCEoO or POLICEoO or FIREoO or 
RESPONDERoO or DOCTORoO) and month (response) = "11" and (unit category = "1" or 
unitcategory = "2" or unitcategory ="3" or unitcategory = "4") and (call type ="C" and 
comments codeo"") and datediff("s", response, cleared)<>0;”
The 5% variance on the number of calls simulated during the run was disabled to ensure the same 
numbers of simulated calls were generated. Table 9.3 therefore indicates the expected number of 
outgoing calls and the number generated from the model, this is based on the average of 6 simulation 
runs for each month, the results of the actual runs are provided in Appendix A9.1 Tables A9.1.1 to 6.
Table 9.3: Comparison o f the actual number o f outgoing calls with those simulated in the model
Month Actual
number
Model
results
Difference
June 358 376 +18
July 376 389 +13
Aug 373 398 +25
Sept 397 428 +31
Oct 420 438 +18
Nov 395 433 +38
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Generally the model simulates a greater number o f outgoing calls than would be anticipated. This is 
because the number of outgoing calls is small. Because of this a ±0.5 represents a significant variance, 
for example if the base number is 1 then there is a 50% change, whereas if the base number was 10 ±0.5 
represents only a 5% change. It should also be appreciated that outgoing calls account for only a small 
percentage of the total calls. For the month of June the model simulated a total o f 6,492 calls requiring 
the operator and of these only 376 were outgoing calls, approximately 6%. The duration of outgoing 
calls was agreed with Birmingham City Council’s control centre manager12401. The average duration of 
all call types for the doctor was suggested at 270 seconds, a responder 90 seconds and the emergency 
services 45 seconds. The actual duration o f outgoing calls is not withheld within the control centre 
database.
The duration of the simulated calls must also be validated. The core database maintains a list, for each 
unique category, o f the average duration of a call for each hour of the day. This can then be compared 
with the simulated results using the SQL statement:
“SELECT avg(Duration) FROM Calls WHERE (Category= "No response - closed down") and
hour(answered)=0 and day = "W"”
For the selection in question the core database indicates a figure o f 75 seconds, while the model results 
indicate an average of 74 seconds. This was repeated for 12 random categories and time periods and 
suitable results were obtained.
9.1.5 Validate the output of the overall simulation model
In order to test the model fully all 6 months o f the data obtained from Birmingham City Council can be 
included in a single simulation run. Table 9.4 presents the expected numbers of calls in the core database 
and the model outputs when the 5% variance on the number o f simulated calls and generation of  
outgoing calls are both disabled. The model results were obtained by 2 simulation runs with the results 
being identical, as would be expected.
Table 9.5: Comparison o f the expected and generated results when all 6 months worth o f data is used
Chapter 9
Core database Model results
Month Total System Operator Total System Operator
6 months 128,510 89,095 39,415 128,291 89,081 39,210
Clearly the model generates the anticipated number of calls. The slight difference being explained by the 
rounding issue explained in section 9.1.4.
The validation performed above is a summary of the main aspects, other areas include ensuring:
■  the number o f simulated calls from sheltered housing and the community is correct.
■  that the model works effectively using the number o f sheltered housing users or number of schemes.
■  changes in parameters are modelled correctly, for example, a change in the number of users, 
duration or number of calls.
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In addition to the validation o f the model, the program itself has been tested to ensure that it behaves 
consistently. For example, ensuring that the impact of the shift pattern works correctly or that the correct 
information is displayed when requested. Law and Kelton suggest that ‘a simulation model and the 
corresponding results have integrity if the manager and key personnel accept them as correct14011.’ After 
the model and accompanying documentation was completed the model was tested with the review group 
and then provided for their own verification. All members of the review group, including the control 
centre manager, have verified that the model accurately reflects the current system and therefore have 
confidence in the results it generates.
9.2 Results For The Current System
When generating results from the model the shift pattern must be applied to the simulated calls. 
However, the shift pattern currently used does not correspond to the data stored on the control centre 
database. Prior to June 1999, the first month o f the control centre data, the community alarm control 
centre and the out-of-hours repair centre were merged. This centre receives calls from tenants across the 
city requesting emergency repairs to their properties, calls are only received out-of-hours as at all other 
times a recorded message informs the caller to contact their neighbourhood office.
When an out-of-hours repair operator answers a call they log the information provided by the caller and 
inform the appropriate tradesmen. Prior to the merger, the community alarm control centre had 2 
operators on duty 24-hours a day, while the out-of-hours repair centre also had 2 operators on duty 
during non-office hours. When the 2 control centres merged the shift pattern changed so that between 
16:30 and 20:30, 3 operators were available during weekdays with 3 operators being available between 
09:00 and 20:00 at weekends. At all other times 2 operators are available.
Although the 2 centres have been merged, the number o f  calls received regarding repairs is unknown, 
and this information also does not exist prior to the merger. Calls regarding repairs are likely to absorb a 
significant proportion of the operators time but because the occurrence and duration of calls regarding 
repairs is unknown, in consultation with the review group these calls have been disregarded. Section 
9.2.1 indicates the possible impact that such calls may have on the control centre.
Analysis o f the core database reveals that there is a category called ‘Repairs reported’ that accounted for 
185 calls during June. As the name suggests these calls relate to a community alarm user who activated 
their alarm to report that repairs were necessary. However, the caller should have used the designated 
out-of-hours telephone number. Prior to the merger the control centre operator would inform the caller 
o f the appropriate telephone number or nearest neighbourhood office, however such calls can now be 
responded to immediately.
When the model is used to reflect the current system the 5% variance on the number of simulated calls 
and the occurrence of outgoing calls has been reinstated. Consequently the model will generate calls 
based around the core database but with some variability to reflect the real world. The effect is presented 
in Table 9.6 where the model has been used 6 times to generate the results.
Chapter 9
201
Table 9.6: A n alysis  o f  the con tro l cen tre  f o r  June
Chapter 9
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 21,418 14,571 6,847 158 7:43 0:46
2 21,413 14,533 6,880 153 3:52 0:36
3 21,366 14,478 6,888 188 11:45 0:36
4 21,313 14,447 6,866 181 3:30 0:36
5 21,411 14,542 6,869 204 4:17 0:41
6 21,311 14,461 6,850 198 4:37 0:42
Avg 21,372 14,505 6,867 180 5:57 0:40
Due to the relatively large number of calls it can be seen that the model consistently generates a similar 
number of calls around the mean. With 3 of the simulation runs being above the mean and 3 below it; 
this reflects the normal distribution used in the generation of simulated calls. It is apparent that despite 
calls regarding repairs not being included that there were on average, 6,867 calls during June. This 
number includes both the incoming and outgoing calls, which were defined in Table 9.3. Therefore, the 
model estimates that on average 6,491 community alarm users contacted the control centre during June, 
approximately 216 incoming calls a day.
The purpose of the community alarm system is to provide timely and appropriate assistance to callers. 
Therefore, analysis of the number and duration of delays is significant, however analysis and comparison 
with the real control centre is not possible as the staff preferred to keep this information confidential. 
Nevertheless, Table 9.6 indicates that on average 180 callers had to wait for an operator to become 
available, representing almost 3% of calls. Table 9.6 also indicates the average delay but it is also 
important to know the range that calls are typically delayed. For example, calls which are delayed but 
are answered within 10 seconds represents an almost immediate response, whereas a high percentage of 
calls being answered after 30 seconds may not be considered so immediate. Table 9.7 indicates the range 
of delayed calls for each of the June simulation runs.
Table 9.7: D ela yed  ca lls  f o r  each  o f  the 6  sim ulation  runs during June
Delay (seconds)
June <10 >10 & <=30 >30 & <=60 >60 & <=120 >120 & <=180 >180
1 42 59 28 17 2 10
2 42 54 36 16 4 1
3 41 76 36 22 6 5
4 45 64 38 25 9 2
5 47 68 59 21 7 2
6 40 72 44 23 8 11
Total 257 393 241 124 36 31
The majority of the delayed calls, 60%, are answered within 30 seconds with 82% answered within a 
minute. Therefore, the maximum delays indicated in Table 9.6 can be considered as rare. It should also 
be appreciated that the 6 simulation runs generated 41,200 calls requiring an operator with 40,118 being 
answered immediately. Including all of the calls reveals that 97% were answered immediately and 99% 
within 30 seconds. Investigation of the particular delays reveals that more calls are delayed on weekdays 
but the longest delays are experienced at weekends, as revealed in Table 9.8.
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Table 9.8: Investigation o f the change on weekdays and weekends
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Weekdays Weekends
June No. delayed Delay > Max delay (when No. delayed Delay > Max delay (when
(daily) 180 sec call received) (daily) 180 sec call received)
1 1 4 7 (7 ) 8 9:33  (2 3 :5 0 :4 5 ) 11 (1 ) 2 4 :4 0  (0 0 :4 4 :1 1 )
2 139  (6 ) 1 3:52  (0 4 :1 8 :1 9 ) 1 4 (2 ) 0 1:26 (2 2 :0 8 :2 4 )
3 166  (8) 0 2:41 (1 1 :2 7 :2 7 ) 2 2 (3 ) 5 11 :45  (1 4 :4 1 :4 3 )
4 167  (8 ) 0 2 :3 2 (1 2 :5 5 :3 1 ) 1 4 (2 ) 2 3 :3 0 (1 4 :4 1 :4 3 )
5 1 7 9 (8 ) 0 2 :5 7 (1 5 :1 6 :0 4 ) 2 5 ( 3 ) 2 4 :1 7 (1 0 :2 8 :4 2 )
6 1 7 8 (8 ) 8 4 :0 9  (0 0 :3 4 :2 4 ) 2 0  (3 ) 3 4 :3 7  (2 2 :2 4 :1 0 )
Analysis of when calls are delayed also indicates a clear trend that may suggest that at particular times 
of the day the shift pattern should change. Fig. 9.2 shows the delayed calls for the 6 simulation runs in 
June.
•Weekdays
"Weekends"
Figure 9.2: Delayed calls for the 6 simulation runs during June
Despite Table 9.8 suggesting that the largest delays are experienced at weekends, the number of calls that 
are delayed is relatively small. When analysing the delayed calls it should be remembered that the 
weekend shift has 3 operators on duty from 09:00 to 20:00 and that the model will tend to over-estimate 
the maximum delay. As previously discussed, if in practice the control centre is busy then operators will 
tend to place callers on hold while they answer new incoming calls. The model does not provide this 
function and instead requires the operator to finish a call before commencing a new call.
The weekday shifts operate with 2 operators on duty at all times except between 16:30 to 20:30 when 3 
are available. However, Fig. 9.2 suggests that this shift pattern arrangement may not be satisfactory as a 
significant proportion of the delayed calls occur around 11:00 and 16:00. It could therefore be suggested 
that in order to reduce the likelihood of delayed calls, the additional operator commencing work at 16:30 
should begin at 16:00, while an additional operator should assist between 11:00 and 13:00. However, 
although this would reduce the likelihood of delayed calls at these times, Table 9.8 indicates that on a 
daily basis only a few calls are delayed, and in only 2 of the 6 simulation runs did the maximum delay 
occur at these times.
What is evident from this analysis is that the control centre and therefore the community alarm system, is 
highly sensitive to calls. The control centre receives on average 216 calls a day with the majority 
occurring during daylight hours. But because the control centre generally operates with only 2 operators
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during weekdays28 if both operators are answering calls requiring a significant amount of time, perhaps 
resulting in an outgoing call, then calls can quickly become queued. However, the majority of the time 
the operators are available and waiting for calls. Investigation of the operators utilisation rates, an 
expression which indicates the percentage of time operators were answering calls, reveals that much of 
the time they are waiting for calls, indeed rarely does the utilisation figure for a given hour exceed 10%. 
Therefore, despite the operators having in excess of 90% of their time waiting for calls, because the 
control centre is so sensitive to calls of any significant length, on occasions callers must wait for a 
considerable length of time. Table 9.9 further reveals the sensitivity of the control centre when the 
number of calls changes. The results of Table 9.9 are the average from 6 simulation runs, with the exact 
details provided in Appendix A9.1 Tables A9.1.7 to 12.
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Table 9.9: S en sitiv ity  o f  the com m unity a larm  con tro l cen tre to  changes in ca lls  during June
Number of calls
Model characteristic Total System Operator Delayed Max delay Avg delayPresent system 21,372 14,505 6,867 180 5:57 0:40
20% more sheltered 
housing schemes 25,719 17,407 8,313 306 11:51 0:50
20% fewer sheltered 
housing schemes 17,091 11,609 5,482 81 4:36 0:38
15% more community 
and sheltered housing 24,656 16,668 7,990 254 9:06 0:51
users
15% fewer community 
and sheltered housing 18,175 12,345 5,830 97 5:04 0.39
users
Duration of calls 
increased by 10% 21,365 14,495 6,870 181 7:59 0.46
Duration of calls 
rnrlurfid hv 10% 21,332 14,465 6,867 140 6:59 0:47
Increasing the number of operators and number of users should result in improved efficiency without 
adversely affecting the number of callers who experience delays. In effect merging the community alarm 
control centre and the out-of-hours repair centre sought to achieve this.
9.2.1 The impact of out-of-hours repairs
Because the actual data is not know the number of calls is based on discussions with the present staff. 
The city has in the order of 80,000 dwellings in addition to the community alarm users living in sheltered 
housing with approximately 5,250 calls received each month. Only a minority of the calls originate from 
sheltered housing as the warden or caretaker on the scheme will normally be contacted rather than the 
out-of-hours centre. Fig 9.3 indicates the anticipated dispersion of out-of-hours emergency repair calls.
28 The control centre effectively functions with 2 operators at all times, the 3rd operator is primarily added for out-of­
hours repair calls which are not included in the core database, and therefore these results.
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Figure 9.3: Out-of-hours daily call profiles for June
The duration of these calls was calculated from the core database that contains repair calls from 
community alarm users who have used the alarm instead of the designated telephone number. Because 
the data may contain calls where the operator informed the caller to contact the neighbourhood office, an 
average of all of the calls across the 6 months of data available has been taken, giving an average of 181 
seconds. Table 9.10 indicates the call volume for the out-of-hours repair centre when 2 operators are 
available to answer calls, i.e. prior to the merger. While Table 9.11 indicates the community alarm 
control centre prior to the merger, i.e. operating with 2 operators on duty at all times.
Table 9.10: The call volume at the out-of-hours control centre when 2 operators are available
Number of calls
Max delay Avg delayJune Total Sheltered Dispersed Delayed
1 5 ,2 6 4 197 5 ,0 6 7 1 ,247 8 .4 0 1.53
2 5 ,2 5 4 192 5 ,0 6 2 1,248 9 .3 4 1.52
3 5 ,2 4 8 193 5 ,0 5 5 1,324 12 .54 2 .0 3
4 5 ,1 9 6 190 5 ,0 0 6 1 ,157 9 .3 8 1.52
5 5 ,2 2 0 192 5 ,0 2 8 1 ,190 9.41 1 .47
6 5 ,2 7 5 192 5 ,0 8 3 1 ,328 10 .25 1 .59
Avg 5,243 193 5,050 1,249 10.09 1:54
Table 9.11: Investigation o f the community alarm control centre with 2 operators on duty at all times
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 2 1 ,4 3 0 14 ,5 3 3 6 ,8 9 7 286 4 :3 0 0:46
2 21 ,341 14 ,4 6 2 6 ,8 7 9 26 5 12:49 1:08
3 2 1 ,3 0 7 14 ,4 3 8 6 ,8 6 9 27 9 16:37 1:14
4 2 1 ,4 3 0 1 4 ,538 6 ,8 9 2 25 2 6:14 0:43
5 2 1 ,3 9 7 1 4 ,5 2 9 6 ,8 6 8 2 7 8 8:59 1:00
6 2 1 ,3 7 5 1 4 ,510 6 ,8 6 5 24 3 9:57 0:51
Avg 21,380 14,502 6,878 267 9:50 0:67
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For each of these control centres there is a health and safety requirement for a minimum of 2 operators to 
be on duty at any one time. The community alarm control centre operates 24 hours a day, 7 days a week 
with 2 operators, while the out-of-hours repair centre functions with 2 operators at all times except 09:00 
to 17:00 during weekdays when in effect it is closed and no operators are available. Consequently, 
during periods of inactivity, for example in the early hours of the morning, 2 operators are on duty for 
each centre, while only a few calls are received. The merging of the two control centre’s allows this 
inefficiency to be removed. However, Tables 9.10 and 9.11 indicate that callers to both centres 
experienced significant delays. In particular, when the community alarm centre is modelled with 2 
operators as compared to the shift pattern with 3 operators in Table 9.6, the number of callers 
experiencing a delay increases by 87, or 50%. The maximum delay increases from 5:57 to 9:50 and the 
average delay from 40 to 57 seconds.
Table 9.12 indicates the effect if the two control centres were merged to allow all of the operators on 
duty to answer calls relating to either community alarm users or repairs. The shift pattern used is the 
same as that for the 2 individual centres29; therefore 4 operators are still on duty during the early hours of 
the morning. However, the merging of the centres prevents the community alarm control centre 
operators being busy and experiencing delayed calls while the out-of-hours repair operators may be 
waiting for a call, or vice-versa.
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Table 9.12: The m erged  con tro l centre, fu nction ing  w ith the sam e shift p a ttern  as p r io r  to the m erger
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 26,625 14,482 12,143 627 4:37 1:02
2 26,640 14,857 12,053 604 5:04 0:58
3 26,607 14,523 12,084 615 6:58 1:10
4 26,780 14,634 12,146 727 5:05 1:11
5 26,661 14,503 12,158 682 6:23 1:10
6 26,633 14,518 12,115 678 7:56 1:14
Avg 26,658 14,586 12,117 656 6:01 1:08
Clearly merging the centres and allowing both sets of operators to answer any of the calls reduces the 
delays experienced by the individual control centre’s identified in Tables 9.10 and 9.11. In practice such 
a merger would also allow prioritisation of calls, where potentially life threatening community alarm 
calls could be answered while repair calls were left queued on the system. However, due to the merger it 
is not necessary to have 4 operators on duty during periods of inactivity, especially the early hours of the 
morning. Consequently the merged control centre now in place operates with 2 operators at all times, 
with the exception that 3 operators are available between 16:30 and 20:00 during weekdays and between 
09:00 and 20:00 at weekends. The impact this has on calls is indicated in Table 9.13 and can be 
compared to Table 9.6 where the same shift patterns were used but the out-of-hours repair calls were not 
included.
The combined shift pattern for weekends is 4 operators on duty at all times, while for weekdays between 00:00 and 
09:00 4 are on duty, between 09:00 and 17:00 2, and between 17:00 and 00:00 4.
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Table 9.13: The m erged  con tro l cen tre fu nction ing  w ith a red u ced  num ber o f  o p era to rs
Number of calls
June Total System Operator Delayed Max delay Avg delay
1 26,556 14,486 12,070 2,045 13:50 1:43
2 26,545 14,461 12,084 2,169 9:49 1:48
3 26,651 14,525 12,126 2,154 10:17 1:42
4 26,520 14,478 12,042 1,952 10:50 1:40
5 26,690 14,577 12,113 2,253 11:30 1:52
6 26,602 14,484 12,118 1,799 9:51 1:24
Avg 26,596 14,502 12,092 2,062 11:01 1:42
Changing the shift pattern to this degree clearly has a detrimental affect on the quality of the service to 
the end user. However, the efficiency of the operators is improved while costs are significantly reduced, 
indeed the number of operator hours is reduced from 592 per week to 378, a reduction of 36%. The 
impact on service delivery must be recognised and was evaluated on the current community alarm survey 
reported in Chapter 3. Of those who had used the alarm in the previous 12 months, 29% were 
dissatisfied with the response time of the control centre, 23% were only occasionally satisfied, 23% 
indicated they were normally satisfied and 25% were always satisfied. However, such a measure is 
subjective with one participant suggesting they were always satisfied with the response time of the 
control centre, although when they have used it they have had to wait for 10 minutes or more to be 
answered. However, others commented that waiting this long is unacceptable. Many of those who were 
dissatisfied with the response time indicated they have had to wait for 30 minutes and more for a 
response, with one person suggesting they waited over an hour. The possible motivation behind the 
responses must also be recognised; participants in the survey may have indicated dissatisfaction to ensure 
the number of operators does not reduce in the future.
In practical terms the merged control centre is constrained by only having a maximum of 3 consoles 
available, although further consoles could be added. The results of the model and the user survey 
indicate that it may be beneficial to amend the merged control centres shift pattern or increase the 
number of consoles available. One of the attributes of the model is to estimate appropriate shift patterns 
based on a target utilisation rate. Interestingly, if the model is based on a system where the target 
optimisation is set at 60% then there are only a few occasions where 3 operators are required. At all 
other times the minimum imposed minimum number of 2 operators is suggested but because the control 
centre is sensitive to long calls, delays can be significant when operating with this shift pattern. Fig. 9.4 
indicates the model suggested shift pattern based on a target operator utilisation of 60%. The actual 
results from these 6 simulation runs is provided in Table 9.14.
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Fig 9.4: Estimated shift pattern for June when the target operator utilisation figure is set at 60%io
Table 9.14: The results o f the estimated shift pattern o f Fig 9.4 including repair calls
Number of calls 
answered
Number of calls 
delayed
Maximum delay Average delay
June Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend
1 8 ,7 0 7 3 ,4 3 6 1 ,7 43 1,111 10:01 12:40 1:25 2:14
2 8 ,6 5 6 3 ,3 9 7 1 ,5 25 1 ,080 14:43 14:55 1:29 2:14
3 8 ,6 4 3 3,441 1 ,7 95 1 ,0 17 10:55 13:18 1:33 2 :1 4
4 8 ,7 0 9 3 ,4 3 6 1 ,7 10 1 ,1 1 4 13:58 13:23 1:33 2:01
5 8 ,7 3 8 3 ,4 2 0 1 ,6 29 1 ,170 11:44 11:04 1:21 2 :2 0
6 8 ,6 7 0 3 ,4 44 1,681 1 ,1 24 16:24 14:15 1:38 1:58
Avg 8,687 3,429 1,681 1,103 12:58 13:16 1:30 2:10
The shift pattern used to create the results in Table 9.14 was similar to that of the current shift pattern and 
therefore the results are similar to those in Table 9.13. In order to reduce the number of callers delayed, 
and perhaps more importantly the average duration of delayed calls, the number of operators on duty 
must be increased. The net result will be a reduction in the utilisation rate of operators when reducing 
the target utilisation figure to 40% suggests an average shift profile as indicated in Fig. 9.5. The 
corresponding results are indicated in Table 9.15.
Fig 9.5: The estimated shift pattern for June when the target operators utilisation figure is set at 40%
Table 9.15: The results o f the estimated shift pattern o f Fig 9.5
Number of calls 
answered
Number of calls 
delayed
Maximum delay Average delay
June Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend
1 8 ,5 9 9 3 ,4 4 3 90 5 503 8:38 9:50 1:11 1:30
2 8 ,9 6 0 3,441 1 ,023 57 2 8:00 7:36 1:10 1:36
3 8,661 3,451 1 ,032 4 7 0 11:31 6:22 1:21 1:30
4 8 ,6 7 4 3 ,4 0 0 89 2 4 8 0 8:40 8:38 1:16 1:43
5 8 ,6 7 7 3 ,4 1 9 1 ,202 6 0 5 7:59 13:16 1:19 1:50
6 8 ,7 1 0 3 ,4 6 0 96 9 581 7:23 6:39 1:13 1:36
Avg 8,713 3,436 1,004 535 8:42 8:44 1:15 1:38
It is possible to suggest 0 .5  of an operator as the graph is th e  average  of 6  sim ulation runs and so m e runs will 
suggest 3 operators and others 2. In th e  m odel itself only w hole num bers of operators is perm itted.
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In terms of the average weekly number of operators hours, the shift pattern used in Fig 9.4 was 349 hours 
per week, while for Fig 9.5 it was 395. This increase of 46 hours has a dramatic affect on the quality of 
the service provided with the average weekly delay reducing by 15 seconds and with a reduction of 32 
seconds at weekends. Having more than 3 operators on duty at busy times, as indicated in Fig 9.5, 
enables the majority of these savings. The additional 46 operator hours a week also reduces the 
percentage of delayed calls from 23% to 13%, and reduces the maximum call delays for both week and 
weekend days, a significant improvement in terms of service delivery.
Despite the improvement due to the shift pattern described in Fig. 9.5, it would be impractical to use this 
in reality. The model generates the most efficient shift pattern based on the target operator utilisation, 
reporting these results in half-hour time segments. Consequently the model may suggest that over 3 
consecutive half-hour time segments, 4 operators are required for the first, 2 for the second and 4 again 
for the third. It would therefore be problematic to staff the control centre at these varying staffing levels 
and a compromise must be sought. Based on the model results and an apperception of the staffing issues 
in order to minimise the delays it would seem appropriate that the shift pattern suggested in Table 9.16 
be used.
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Table 9.16: Su ggested  shift p a ttern  f o r  ca lls  including ou t-of-h ou r repa irs
Weekdays Weekends
Start time End time Number of Start time End time Number of
operators operators
23:00 07:00 2 23:00 07:00 3
07:00 09:00 4 07:00 15:00 4
09:00 15:00 2 15:00 23:00 4
15:00 23:00 4
The total number of operator hours per week for this shift pattern is 856, some 304 hours or 51% more 
than prior to the merger of the 2 centres. However, prior to the merger Tables 9.10 and 9.11 indicate that 
13% of calls were delayed, whereas the results of the suggested shift pattern in Table 9.17 indicates that 
this is reduced to 6%. It could be further reduced if an additional operator were available between 01:00 
and 03:00 as in all of the simulation runs of Table 9.17 the maximum delay occurred during this time 
period. However, it would be unlikely that an additional operator would be available to work for this 2 
hour period only.
Table 9.17: The resu lts o f  the m odel b a se d  on the su ggested  shift p a tte rn  in Table 9 .16
Number of calls 
answered
Number of calls 
delayed
Maximum delay Average delay
June Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend
1 8,695 3,429 494 214 6:58 6:02 1:08 1:00
2 8,654 3,425 544 268 14:41 4:02 1:08 1:17
3 8,673 3,409 470 229 6:49 6:19 1:06 1:11
4 8,691 3,418 481 269 10:29 5:15 1:10 1:15
5 8,657 3,446 512 249 6:10 6:51 1:06 1:20
6 8,685 3,447 473 225 9:58 4:41 1:08 1:08
Ave 8,676 3,429 496 242 9:11 5:32 1:08 1:12
The suggested shift pattern provides an efficient use of resources whilst minimising the effects of
delayed calls. However, in financial terms because it requires more operator hours it is more costly to
operate than prior to the merger. A decision must therefore be made as to whether the additional cost
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merits the improved quality of the service to the end user. Consideration must also be made to the 
priority of calls in the model. Attention has previously been given to calls being placed on hold while 
new community alarm calls are answered and this will reduce the number and duration of delayed calls. 
In addition, community alarm calls will also have priority and be answered prior to repair calls.
It is therefore feasible that at busy times repair calls will encounter significant delays, with some calls 
being lost as callers try again latter, while the potentially life threatening community alarm calls are 
answered and only encounter small delays.
The results of the suggested shift pattern in Table 9.16 seeks to minimise the delay for all call types and 
therefore, although it provides an effective service, it is possible to reduce the number of operator hours 
while maintaining an effective service for community alarm users at the detriment to the repair calls. 
The shift pattern currently used and modelled in Table 9.13 provides this ‘half-way house’. The model 
enables various shift patterns to be investigated and therefore allows an informed decision to be made. If 
a shift pattern is required that answers community alarm and repair calls effectively then the shift pattern 
described in Table 9.16 would be appropriate.
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9.2.2 Month by month analysis
Much of the preceding analysis has been based on June, the first month of real data in the core database. 
However, this is comparable with the other months of data as indicated in Table 9.18. The actual results 
from 6 simulation runs are provided in Appendix Tables A9.1.13 to 17. The results from the model 
include all categories of calls with the exception of the hypothetical repair calls.
Table 9.18: A n alysis o f  the 6  m onths o f  d a ta  in clu ded  in the co re  d a tab ase
Number of calls
Max delay Avg delayMonth Total System Operator Delayed
July 22,061 15,404 6,657 180 5:10 0:43
Aug 21,471 14,438 7,033 182 10:47 0:42
Sept 21,274 14,728 6,546 137 6:00 0:45
Oct 21,909 14,717 7,192 151 5:06 0:37
Nov 22,623 15,292 7,331 368 4:27 0:43
Table 9.1 indicated that a similar number of calls were received at the control centre each month and the 
model reflects this trend. In terms of the number of calls which are delayed, all of the months are 
comparable with the exception of November. The model reflects the real data accurately but for this 
month there are both more system and operator involved calls than for any of the other months. It is 
unclear why this should be so as no one particular category has a significant increase when compared to 
the previous months. It may be that November had bad weather and this affected the call rate but there is 
no evidence to support this hypothesis.
9.3 Results For The 2nd Generation Telecare System
The 2nd generation system was defined in Chapter 5 and the impact on service delivery can be 
investigated in the model. Because the 2nd generation system does not currently exist it is not possible to 
use real-world data as with the preceding investigation. Therefore, for each call type evident in this new
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generation the call details are explained below however, the duration of outgoing calls to the doctor, 
responder or emergency services in the 2nd generation system do not differ from those in the 1st 
generation system. For example, when a user has fallen and requires attention, the time it takes to inform 
a responder does not differ in either generation as the same information is relayed.
For each of the modules defined below the call characteristics are based on anticipated profiles defined in 
discussion with the review group. However, each category can easily be modified within the model or 
different categories included if new data becomes available; for example the results of field trials of 
elements of a 2nd generation system.
9.3.1 Fall detection
The percentage of people aged 65 and over who fall at least once each year is approximately 33%[255'2581. 
Analysis of the core database reveals that over the 6 months of data there were 192 calls of this nature 
from sheltered housing and 237 from alarms dispersed in the community. In terms of the percentage of 
users calling the control centre this represents 13% and 2% respectively. The higher figure from 
sheltered housing may be explained by the general trend that users in these locations are generally more 
frail and therefore more likely to experience a fall.
The requirement is for a fall detection unit which will detect the majority of the above falls and which 
will contact the control centre if the user does not cancel the call within a given time interval. The 
majority of falls cause either no injury or bruising and abrasions only; fractures occur in about 5% of 
fallst410]. The majority of the falls will not therefore require medical attention and will be cancelled by 
the user. Hence it can be estimated that some 12% of user systems will contact the control centre during 
a year.
Having identified the number of calls associated with a feature of a 2nd generation system, when these 
calls occur is assumed to follow the call distribution profile from the 1st generation system. Because 
some calls will occur where the user has fallen but does not require attention, i.e. did not cancel the call, 
the duration of these calls is set at 10% less than for the 1st generation system. In terms of outgoing calls, 
it is anticipated that the probability of such a call occurring will also be 10% less than the 1st generation 
system. In a similar fashion to the 1st generation system this type of calls is refereed to as Tenant on 
floor’ in the ‘2nd_gen_system’ core database supplied on the accompanying CD.
9.3.2 Fire detection
This 2nd generation module will detect the presence of a fire in the home and inform the occupant(s). If a 
fire continues to be detected or the user does not cancel the call then the control centre will be contacted. 
In the 1st generation system calls requesting the fire brigade are so rare that a specific category name 
does not exist. Indeed, even if a fire was detected with the 1st generation system, Chapter 3 indicated that 
56% of users would use the telephone to contact the fire brigade.
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In the 2nd generation system the onset of fire is detected and the control centre contacted automatically, 
all fire calls will thus be routed through the control centre. The model estimates that 0.007% of users 
will generate a fire alarm call during a normal year as the user will cancel the majority of false alarms 
before the control centre is contacted. Such calls are assumed to occur randomly throughout the day. 
The duration of the call is estimated at 25 seconds with a further 45 seconds for a call to the fire brigade. 
The fire brigade is contacted in 90% of instances. This call is refereed to as ‘Fire detection’ in the 
‘2nd_gen_core_db’ core database.
9.3.3 Lifestyle monitoring
In the Anchor/BT lifestyle monitoring trial around 60 alert calls were generated from 22 users over a 
period of about 6 months11081. Improvements in reliability are required as all of these alert calls were 
generated due to unusual behaviour but in no case was external assistance required11081. It is therefore 
suggested that for each user the probability of such a call is 0.025% per annum assuming that the user 
can cancel a call they feel is not necessary.
The main focus of lifestyle monitoring is to detect unusual behaviour in the mornings, i.e. to detect that 
the user has not got out of bed and followed their normal morning routine. Other periods where calls are 
likely to be generated are late in the morning and afternoon when a user may be unable to get out of a 
chair, and at night when it would be anticipated that they would have gone to bed. The call profile 
reflects these anticipated periods of higher alert generation. Because the likely output from this call is to 
contact a carer or responder, the duration of calls is based on the present 1st generation carer call 
duration, where the caller requests their carer to provide assistance. It is currently anticipated in the 
model that 25% of calls would result in an outgoing call to a responder, 8% to a doctor and 3% to the 
ambulance service, with these outgoing calls lasting for 90, 270, and 45 seconds respectively. This call 
is refereed to as ‘Lifestyle monitoring’.
9.3.4 Security
The module generates a call when a burglar is present and also when an unrecognised individual tries to 
gain access to the users EPR. Overall, it is anticipated that the probability of a call of this nature is 
0.02% per user per annum, with the call requiring 26 seconds. It is anticipated that the majority of calls 
occur randomly during the hours of 08:00 and 18:00. The probability of contacting the police is 
estimated at 15% with the duration of this call being set at 45 seconds. This call is refereed to as 
‘Security’.
9.3.5 Gas detection
This module will detect the level of gas in the users home and suspend the supply if above a dangerous 
level. The gas supply will only be re-connected when below a defined threshold and the user is present. 
The control centre is not contacted, instead the presence of gas is recorded in the users EPR (Electronic 
Patient Record) and updated on a regular basis by the Intelligent Home Alarm System (IHAS).
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9.3.6 Water detection
In a similar fashion to the gas detection module, the detection of ‘flooding’ is recorded in the users EPR 
and does not result in a call to the control centre directly.
9.3.7 Temperature analysis
In a similar fashion to the gas detection module, the user is informed when an inadvisably low room 
temperature is detected with the action taken recorded in the users EPR. The control centre is not 
contacted directly.
9.3.8 Drug dispenser
The users EPR stores details of the drug regime and dispensing instructions. If the user has poor drug 
compliance then the GP is contacted directly. It would be anticipated that only a minority of users would 
acquire this module and few calls would be received at the GP surgery. No calls are generated that are 
evident at the control centre.
9.3.9 Medical monitoring
If when using medical monitoring equipment parameters fall outside of the defined GP limits, the GP is 
contacted and can respond with a virtual consultation if necessary. If the equipment is used outside of 
surgery hours and immediate assistance is required, then the control centre is contacted and responds by 
contacting a doctor or NHS Direct for advice and assistance. It is anticipated that the probability of such 
calls is 0.025% per user per annum, with the majority of the calls occurring during the weekends and 
18:00 and 22:00 on weekdays. The duration of the call is estimated at 50 seconds. The probability of 
contacting a doctor or NHS direct is estimated at 95% and the duration of this call is said to be 200 
seconds. This call is refereed to as ‘Medical monitoring’.
9.3.10 Incontinence monitoring
Details of incontinence are stored in the users EPR and do not result in a call directly to the control 
centre.
9.3.11 Virtual consultations/neighbourhood
No calls are presented to the control centre through this medium.
9.3.12 Intelligent Home Alarm System (IHAS)
The IHAS contacts the control centre once a week to update the users EPR at the control centre with the 
latest data, while also verifying that the equipment works correctly. Alternatively, if an authorised 
person access’s the users EPR during a visit, then when they leave the control centre is contacted and the 
EPR updated. The user survey of Chapter 3 indicated that 22% received formal home care for an 
average of 3 hours, whith it may be assumed is 3 visits per week. Chapter 3 also indicated that on 
average each user would have 2 GP home visits that would result in the EPR being updated. Assuming
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22% of all community alarm users have 3 carer visits a week and each user has 2 GP home visits a year 
then the number of calls for sheltered housing (with 9,937 users) per week can be estimated as:
Routine backup calls + (additional carer visits) + (additional GP visits) 9.1
= 9,937 + (22% * (9,937) * 2) + ((1 / 52) * 9,937)
= 9,937 + 4,372+ 191 
= 14,500
However, 9% of users Birmingham’s control centre live with another alarm user12401 and therefore both of 
the users EPR’s can be updated at the same time. This can also occur for sheltered housing schemes, 
where 1 call to the control centre can be used to update every users EPR from that scheme. It is therefore 
suggested, as sheltered housing users represent 87% of users in the core database, that the number of 
calls can be reduced by 35% giving a weekly total of 10,150 calls, representing the weekly probability of 
a call as 1.02%.
The number of calls per week originating from users dispersed in the community can be calculated in a 
similar manner to Equation 9.1:
Dispersed user calls = 1,484 + (22% * (1,484) * 2) + ((1 / 52) * 1,484)
= 1,484 + 653 + 29 
= 2,166
A 9% reduction can be made for occupancies where 2 or more users live together giving a weekly total 
of 1,971 or the probability of a call per user per week as 1.33%.
The majority of the calls occur during the day when carers and doctors update the EPR, although some 
will also occur during the night if the user’s EPR has not been accessed during the week. Because it is a 
system call the duration of the call and the probability of an outgoing call are not necessary. This call is 
refereed to as ‘IHAS’.
In addition to these system IHAS calls this module also allows the user to contact the control centre and 
request information or generate an alarm for assistance themselves. The user survey of Chapter 3 
indicated that 54% of users activated their alarm during the previous year. Therefore, it is estimated that 
each user per annum has a 70% of contacting the control centre. This figure is higher than the 54% to 
include the possibility that some users contact the control centre more than once a year. These calls are 
expected to occur randomly during the day and require 20 seconds of the operators time. The probability 
of contacting a responder is 15% and the duration of this call 90 seconds. This call is refereed to as 
‘IHAS user alarm’.
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9.3.13 GP surgery
The GP contacts the control centre whenever they have a consultation with an alarm user. Chapter 3 
indicated that, on average, each user would have 5 surgery based consultations and 2 home visits per
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annum. The home visits have been previously accounted for in the IHAS module. When the GP 
consults with a user in the surgery they will obtain the users EPR from the control centre with the control 
centre contacting the home for the most up to date information. Assuming each user receives 5 
consultations per annum, then for each user there will be 5 system calls to contact the control centre that 
also include a call to acquire the data from the users home. These calls are referred to as ‘GP access 
EPR’ and occur randomly during surgery hours.
A further call is made when the GP changes the parameters in the home, for example a change in the 
drug regime for the drug dispenser or placing the lifestyle monitoring module into an ‘ill mode’. This 
call is from the control centre to the users home and again is a system call performed through the control 
centre. It is suggested that in 8% of GP consultations such a call will be made. The call is refereed to as 
‘GP updates home EPR’.
This module will also contact the control centre if the GP has not responded to calls that require 
immediate medical attention. These are obtained from the medical monitoring equipment in the users 
home and if immediate medical attention is required then the GP is contacted during surgery hours. 
However, if the GP does not respond by a defined time, the control centre is contacted and the doctor or 
NHS Direct contacted on the user’s behalf. It is suggested that each user will generate only 0.005 calls 
per annum as the GP should respond to these calls before they leave the surgery. All of the calls will 
require 90 seconds of operator time. In 99% of instances it is suggested that the doctor will be contacted 
which will require a further 270 seconds. This call is refereed to as ‘GP default - medical attention’.
9.3.14 EPR
The EPR stored in the users home updates the control centres version on a weekly basis, as described in 
section 9.3.12. However, the home EPR will occasionally need to be modified, for example if the 
surgery hours change or telephone numbers are altered. In such circumstances it is believed that when 
the IHAS contacts the control centre this update can be performed at the same time, not requiring an 
additional call from the control centre. In the example of a change in a telephone number, it would be 
necessary to function with both telephone numbers until all home EPR’s were updated.
9.3.15 Control centre
The added functionality of the 2nd generation system monitors when home helps etc. leave a users home 
and the control centre’s EPR is updated. It is therefore possible to track the whereabouts of staff and if a 
home help fails to log on at their next location within a defined limit, verification of their well being can 
be sought. It is anticipated that the number of calls generated by this monitoring would be insignificant 
and that the control centre operators can absorb any such calls.
9.3.16 Hospital health services
Whenever an alarm user enters hospital their details can be retrieved from the control centre and any care 
arrangements suspended while the user is in hospital. Prior to discharge the control centre can be 
contacted and a start date for any new care arrangements entered. These calls do not require a control
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centre operator and as such are system calls. During a normal year it would be anticipated that 32% of 
older people would be admitted to hospital12511. Therefore, because each user would generate 2 calls, the 
annual probability of such a call is 64%. Calls occur randomly during the day with this call being 
refereed to as ‘Hospital access’.
In addition to the above 2nd generation modules, several of the 1st generation calls will still be present in 
the 2nd generation system. These are:
■ ‘Smoke alarm’: These are generally generated from fire detectors in communal areas of sheltered 
housing schemes. For example lifts, corridors and the common room. The 2nd generation telecare 
system does not impact upon these.
■ ‘Battery’: Pendant’s that require a replacement battery. When defining the 2nd generation system in 
Chapter 5 pendants were continued from the 1st generation system.
■ ‘Installation by’: Test call when a new alarm is installed into a users home.
■ ‘NHO/Housing Assoc, contacted’: NHO refers to Neighbourhood Housing Office and this call type 
relates to an alarm which has been activated in a property belonging to someone other than 
Birmingham City Council, such as a small housing association. In the 6 months of real data there 
were only 53 of these calls.
■ ‘Repairs reported’: In the 1st generation system the control centre was contacted regarding repair 
calls that should have been routed to the repairs centre. They are included in the 2nd generation 
system as many of them occur during office hours. At such times the operator should inform the 
caller of the correct telephone number and close the call. However, because the majority of alarm 
users are older and frail, in practice the operators tend to deal with the call and consequently they are 
included in the 2nd generation system.
■ ‘Service work order’: A call from an engineer for the specific job number of a repair job.
■ ‘Testing/programming by’: Contacting the control centre to test the alarm, normally due to a request 
from a user who feels that the alarm is not functioning correctly.
■ ‘Warden’: The automatic logging on and off of wardens, these calls are performed by the control 
centre system without the operator.
■ ‘Warden off duty’: Wardens logging off duty; this call requires the operator as opposed to the
automatic warden call because the warden scheme equipment is not capable of performing the
automatic call. The 2nd generation system does not alter the warden server and therefore in order to 
compare like with like these calls are included.
■ ‘Warden on duty’: The reverse of the ‘Warden off duty’ calls.
■ ‘Xtra comments’: The call does not easily fit within one of the standard types of call commonly
received and the control centre. The operator then describes the call for the management 
information system as ‘Xtra comments’. Because the nature of these calls is unknown they are 
included in the 2nd generation system.
■ ‘Yearly PR visit by’: A call by a member of the control centre staff to ensure the equipment is 
working correctly and the user is content with the service. This does not occur for every user, 
indeed in the 6 months of real-data there were only 40 of these calls.
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However, several of the 1st generation categories are not included:
■  ‘Mains’: These are calls from sheltered housing schemes and occur every 25 hours to verify that the 
equipment is working correctly. In the 2nd generation system these are replaced with a weekly EPR 
update from the IHAS. It would be anticipated that an IHAS call would be generated every day 
either due to the weekly update or a home help or other professional’s visit.
■ ‘No response -  close down’, ‘Non call’ and ‘Pulled in error’: These are all calls where the user has 
mistakenly activated the alarm, effectively they are removed in the 2nd generation system due to the 
IHAS seeking verification from the user prior to contacting the control centre.
■ ‘Low temperature’, ‘Intruder’, ‘Inactivity’: In the actual control centre database these categories 
generated 12 calls during the 6 months of data and are rarely used. They are replaced in the 2nd 
generation system with ‘EPR update’, ‘security’, and ‘lifestyle monitoring’, respectively.
■ ‘Carer’, ‘Wanted warden’: These are requests for a carer or warden and are replaced by ‘IHAS user 
alarm’.
■ ‘Weather damage’: These calls occur when the alarm is believed to have been activated by the 
weather, especially true with thunder storms. This can be a problem with old equipment but the new 
equipment of the 2nd generation system would not be as susceptible to such false alarms.
The ‘support services contacted’ category in the 1st generation system is retained in the 2nd generation 
system but is altered to reflect the greater access to information that the control centre operators have. 
This category of call is used when a caller seeks information on the whereabouts of their carer or 
conformation that the police or other service should be contacted. This call is in addition to the ‘IHAS 
user alarm’ and in the 2nd generation system the duration of the call has been reduced by 40%. This 
reduction is primarily due to the reduced need to contact outside agencies for information on a users care 
package; the probability of contacting external organisations has therefore been reduced by 10%.
In a similar manner to the 1st generation analysis described in section 9.2 onwards an investigation of the 
2nd generation system has also been conducted on June. Table 9.19 indicates the results for the 2nd 
generation system based on the call profiles defined above. The shift pattern employed is the one 
currently used at the control centre, i.e. 2 operators on duty at all times except 16:30 to 20:30 for 
weekdays and 09:00 to 20:00 for weekends, when 3 operators are available. The call profiles are 
provided in the database ‘2nd_gen_profile’ on the accompanying CD.
Table 9.19: A n alysis  o f  the 2nd gen era tion  system
June
N um ber o f calls
M ax delay A vg delayTotal System O perator D elayed
P r e s e n t 2 1 ,3 7 2 1 4 ,5 0 5 6 ,8 6 7 1 80 5 :5 7 0:4 01 68,623 64,717 3,906 29 7:37 1:062 68,760 64,855 3,905 29 5:27 0:43
3 68,545 64,638 3,907 26 1:08 0:17
4 68,723 64,796 3,927 31 4:28 0:52
5 68,503 64,595 3,908 36 1:55 0:296 68,547 64,656 3,891 17 1:54 0:18
Avg 68,617 64,710 3,907 28 3:45 0:38
In comparison to the activity of the 1st generation community alarm control centre as set out in Table 9.6,
it is seen that the 2nd generation system dramatically increases the number of calls seen at the control
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centre. Indeed, for June the overall increase is from 21,372 to 68,617, a 321% increase in call volume. 
However, this system is believed to be much more robust and provides more relevant information with 
this information being shared between organisations, while the equipment contacts the control centre on 
a weekly basis to update the EPR and ensure it is working correctly. In addition the 2nd generation 
system automatically calls for assistance when the user is unable to do so, a significant improvement in 
comparison with the technology currently used.
Because of the greater access to information for hospitals and GP’s, and the weekly contact from the 
home to the control centre, the majority of the increase is due to system calls which are dealt with 
automatically, without the direct knowledge of the control centre operator. Indeed, the number of system 
calls in the 2nd generation system increases by 446%.
With respect to service delivery the number of system calls is not as important as the number of calls 
involving the operator. As long as there are sufficient telephone lines for the control centre to function 
effectively and sufficient call handling is available at the control centre then the system calls occur in the 
background without affecting the quality of the service delivered.
Referring to the 1st generation system, Table 9.6 indicates that there are 6,867 operator calls for the 
month of June, while the 2nd generation system receives 3,907 for the same time period, a 57% reduction. 
This reduction is primarily achieved by the IHAS communicating with the alarm user prior to contacting 
the control centre. They therefore have the capability to cancel calls initiated in error. Such calls 
accounted for 1,874 calls during the 1st generation system and are effectively removed in the 2nd 
generation.
Of more significance than the number of calls answered by the operators is the amount of time spent with 
callers and by implication the corresponding effect on the number and duration of calls that are delayed. 
In relation to the 1st generation system, operators spent 144 hours 46 minutes on calls while for the 2nd 
generation system this falls to 79 hours and 11 minutes, a reduction of 55%. Clearly as less time is 
required speaking to callers, the operators in the 2nd generation system have more time available to 
answer calls and this results in a reduction in delayed calls. Indeed, the number of callers who 
experienced a delay reduces from 180 to 28 while the maximum delay reduces from 5:57 to 3:45 and the 
average delay, for those who experienced a delay, reduced from 40 to 38 seconds.
The preceding chapters have defined what a 2nd generation system should consist of and indicated that 
users would welcome it as it is more timely and effective in detecting emergency situations; it can also 
be delivered in a more cost-effective manner. The purpose of the model was to investigate the impact on 
service delivery and the evidence from the model clearly demonstrates that the 2nd generation can be 
delivered within the existing service levels. Indeed, the 2nd generation system reduces the workload on 
the control centre operators and therefore improves service delivery, further adding to the evidence for 
2nd generation telecare systems should be implemented.
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Nevertheless, the 2nd generation system modelled above may not be an accurate reflection of the actual 
call profiles that may exist when such a system is implemented. It is therefore necessary to perform the 
extreme scenario analysis as introduced in Chapter 7 for the cost analysis model. Using Table 9.19 as 
the anticipated results of the 2nd generation system, Table 9.20 indicates the results if the number of calls 
is reduced or increased by 20%. This best and worst case scenario is presented in Table 9.20 and are the 
average of 6 simulation runs, the actual results of each of the runs is provided in Appendix A9.1 Tables 
A9.1.18 and 19.
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Table 9.20: Extrem e scen ario  a n a lysis o f  the 2 nd genera tion  te leca re  system
Number of calls
Max delay Avg delayJune Total System Operator Delayed1st generation 2 1 ,3 7 2 1 4 ,5 0 5 6 ,8 6 7 180 5 :5 7 0 :4 0
Anticipated 2nd gen. 68 ,617 64,710 3,907 28 3:45 0:3820%  fewer calls 54 ,924 51,787 3,137 15 3:46 0:4720%  more calls 82,587 77,888 4,698 52 8:49 1:02
The extreme scenario analysis indicates that even if 20% more calls were received than anticipated in the 
2nd generation system then the overall result is that there are still fewer calls delayed in comparison with 
the 1st generation system (Table 9.6). If the out-of-hours repairs calls are included then Table 9.21 
indicates again fewer calls are delayed as compared to Table 9.13. Applying the extreme scenario 
analysis also indicates that the 2nd generation system is more effective, or at least comparable with that in 
use today. The actual model results for Table 9.21, are provided in Appendix A9.1 Tables A9.1.20 to 22.
Table 9.21: A n alysis o f  the 2nd gen era tion  system  including out-of-hours rep a ir  calls
June
Number of calls
Max delay Avg delayTotal System Operator Delayed
1s' g en era tio n 2 6 ,5 9 6 1 4 ,5 0 2 1 2 ,0 9 2 2 ,0 6 2 11:01 1:42
Anticipated 2nd gen. 73,971 64,662 9,142 1,322 9:32 1:3520%  fewer calls 59,179 51,854 7,325 671 7:49 1:2520%  more calls 88,625 77 ,604 11,021 2,235 13:07 1:54
9.4 Model enhancements
Despite the model providing a significant insight into service delivery, as with the cost analysis model 
enhancements can be made to further increase understanding. The enhancements can be made within 
two categories, most importantly within the model, but also the program itself.
9.4.1 Model enhancements
■  P rioritisin g  calls: When modelling the community alarm control centre with out-of-hours repair 
calls, the model in its current state will answer calls on a first-in-first-out basis. In practice it would 
be more appropriate to answer calls in order of priority settings. For example, at busy times it may 
be acceptable to have repair calls queued, while potentially life threatening community alarm calls 
are answered. The model should then report the delays in terms of the community alarm calls and 
the repair calls. It may also be advantageous to enter a maximum time that a caller will wait before 
hanging up and calling again later. The model must then report the ‘loss rate’ of calls.
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Call prioritisation could also be modelled for community alarm calls. Thus, ‘Tenant on floor’ may 
have a high priority while the ‘IHAS user alarm’ may have a low priority. The model could then 
answer the higher priority call first and report the delays according to priority.
■ P lacin g  ca lls  on hold: At busy times control centre operators place non urgent calls on hold to 
enable them to answer other calls. The model does not provide this functionality and as such could 
tend to overestimate both the number of callers delayed and the maximum delay time. However, 
defining when an operator places a call on hold and which calls they will answer is subjective, 
depending both on the operator and the call volume.
■ G rea te r  d istinction  betw een  days: The model currently categorises days as weekdays or weekends, 
however greater flexibility may be required. For example, the introduction of out-of-hours calls 
could result in a different shift pattern for Friday’s as more calls may be received prior to the
• weekend. Distinction between different weekend days may also be advantageous as GP surgeries
operate on Saturday mornings but not on Sundays. In the model’s current state when specifying GP 
access to the users EPR, because weekend days have been grouped together the model will generate 
calls for both the Saturday and Sunday.
■ Shift p a ttern  estim ation: Currently the model analyses the amount of time required for every half- 
hour segment of the day and estimates the shift pattern based on this. It could be beneficial to 
estimate the shift pattern on a required service level, for example what shift pattern would be 
required to ensure that the number of callers delayed or maximum delay, did not exceed a defined 
level.
■ E stim ate nu m ber o f  users: Because of health and safety regulations it may be necessary for the 
control centre to function with a minimum number of operators on duty at any one time. It may 
therefore be useful for the model to estimate the number of actual users that would be necessary to 
meet target operator utilisation figures.
■ Telephone usage: The control centre is clearly reliant on telephone lines, therefore calculating the 
maximum number of telephone lines used at any one time may be advantageous when introducing 
2nd generation systems. In order to effectively achieve this an estimation of the duration of system 
calls would be required.
■ A ddition a l centres: In addition to the modelling of the control centre, which is the focal point of the 
whole telecare system, modelling of the GP surgery may also be beneficial. Investigation can then 
be performed on the impact that the 2nd generation telecare system has on their workload.
9.4.2 Program enhancements
■  P rofile  enhancem ents: The model generates a table with details of the calls in the simulation run, 
however the specific results such as, number of calls for a specific category or the number of
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delayed calls, is not stored. Therefore, whenever a profile is loaded the results must be generated 
again. In order to improve the efficiency of the program it would be better if the results were saved 
and then quickly displayed.
■ P rin tin g : The ability to produce a hard copy of the results may be beneficial and is not currently 
included in the model.
■ SQ L  enhancements'. When wishing to view details of every call in the SQL section of the program 
the data is entered separately into every cell. When a large number of calls have been generated this 
can take a considerable length of time and it would be more appropriate if the records could be 
‘pasted’ into the grid in a similar manner to Microsoft Access. This would also remove the data grid 
limit that constrains the number of lines that can be displayed to 27,000.
9.5 Conclusions
The development of a model to investigate the feasibility of delivering telecare is an important 
consideration of any system such as that being proposed. However, in order to make decisions it is 
necessary to have confidence in the model and the results it generates. The model created accurately 
reflects the real world data which Birmingham City Council, Housing Department gave access to. In 
addition the review group has tested the model and are confident that the results generated are 
sufficiently accurate to base decisions upon.
Having accurately modelled the current system, a possible call profile for the 2nd generation system has 
been suggested and indicates that the call volume at the control centre dramatically increases. Indeed, 
the total number of calls increases from approximately 256,000 per annum to 823,000 or 321%. 
However, what is important in terms of service delivery is the impact on calls requiring operator 
involvement and these reduce from 82,000 per annum to 47,000 or 43%. In terms of the time operators 
are dealing with calls the reduction here is from 144 hours 46 minutes per month to 79 hours and 11 
minutes, a reduction of 55%.
The model gives the confidence that the introduction of 2nd generation telecare systems will not over­
burden the control centre. Whenever a new system is introduced there are often concerns as to the effect 
on workload and the ability to provide a satisfactory service within the current resources. The model 
gives the confidence that 2nd generation telecare systems can work within the existing resources, and 
indeed the quality of the service delivered is improved. Aided by the preceding evidence of the desire of 
users to obtain 2nd generation systems and the results of the cost analysis, there would appear to be a 
clear message that assistive technologies, and in particular telecare, could support the delivery of 
enhanced services to older and disadvantaged people.
Chapter 9
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C h a p ter  s tru c tu re: The fin a l ch ap ter brin gs togeth er the p reced in g  ch ap ters  a n d  b a se d  on the evidence  
p resen ted  in this thesis an sw ers the orig in a l research  question. C on sidera tion  is a lso  g iven  to  how  this 
research  can be taken fo rw a rd  in the next 2 years, 3 - 5 ,  an d  6 - 1 0  years.
Ever since the introduction of the NHS and Community Care Act 1990 governments have emphasised a 
desire to move resources from hospitals and institutions to the community. Indeed, the NHS plan of 
2000 would appear to give a clear mandate for the use of technology to assist people to live 
independently in their own homes via the statement:
‘N ew  techn ology in the hom e w ill m ake indepen den t liv ing  
ea sie r  f o r  p eo p le  who a re  e ld erly  o r  d isabled-*11*’
However, details of what this technology should be and how it should be incorporated into the health 
system are not forthcoming. Over recent years, research and development has tended to focus on 
specialist areas of telemedicine, for example ECG measurements1183, 2801 or on videoconferencing14121 
based systems. Chapter 2 indicated that there has been relatively little research in either telecare or 
telehealth. Considerable sums of money have been invested in smart homes, but again there is little 
evidence to suggest what technologies should be used in health care. It would appear that the focus for 
telemedicine and smart homes has been based on expensive specialist areas and demonstration pilots 
such as Edinvar and the Joseph Rowntree Foundation1137,139]. They therefore seek to address particular 
markets, for instance in the example of ECG measurements patients suffering from ventricular 
tachycardia11871 may be targeted. The target customers of smart homes may be the financially well off or 
people with motor impairments.
Developments in smart homes and telemedicine may be particularly beneficial to the groups identified; 
however it may be that greater benefits would be achieved through an approach to technology that 
enabled more people to live independently. The community alarm system provides the basis for a wider 
platform and has been in place since 19481161 with now over 1 million users in the UK11191, yet 
developments have tendered to centre on technical and reliability improvements rather than additional 
features. The community alarm system provides a readily available infrastructure that it could be argued 
is under utilised at present. If the community alarm system, or 1st generation telecare system, was 
developed in a way similar to the 2nd generation system defined in Chapter 5 then it could be that more 
people would be enabled to live independently in the community.
The 2nd generation telecare system meets the objectives of the NHS plan by adopting a reactive and 
preventative approach. It could be used to automatically recognise situations that require immediate 
assistance, such as a fall, and call the appropriate centre for assistance. In addition, medical parameters 
could be measured and analysed and used to indicate circumstances where medical intervention would be 
beneficial.
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The evidence to support greater emphasis on telecare is not substantial. Details of projects currently 
taking place are held on the National Database for Telemedicine14131 but many of the projects do not 
relate to the present community alarm system and are often focused on specialities. An exception is the 
Anchor Trust/BT trial which Tang e t a l have described as ‘a lead in g  tria l in te leca re  to  the hom e[Ml]\  
The results of this trial were considered in Chapter 2 and the system as developed can be seen as 
complementary to the community alarm which could be used to generate an immediate alarm while the 
lifestyle monitoring system (LMS) would generate an automatic alarm if the user were unable to use 
their community alarm. The LMS was not therefore an immediate response mechanism but provided a 
valuable safety net and the two systems in combination provided a significant enhancement on the basic 
community alarm. If the other system elements considered in Chapter 5 were also included, then a 2nd 
generation system could be implemented to further assist the 1 million plus community alarm users 
currently in the UK.
10.1 Motivators For Change
Over recent years considerable attention has been paid to assistive technologies, the primary motivations 
for this interest can be summarised as:
■ The present health, care and support mechanisms are unable to truly meet the demands made upon it 
as services become rationed. Between 1992 and 1996 the total number of home care hours increased 
by 50% while the number of households receiving the service declined by around 7%1181. A more 
intensive service is being delivered to fewer people.
■ Older people absorb the greatest resources. Health spending on people aged 75 and over is 6 times 
that of the average for the rest of the population11471.
■ The number of older people is growing and as they absorb a significant proportion of the resources 
this will necessitate an increase in the available resources or an even more intensive service will 
result. Between 1995 and 2025 the UK can anticipate a 43.6% increase in the 60 and over age 
range1231. A similar trend is apparent across much of the developed world14141.
■ Brodie-smith has suggested that informal carers save the state between £15-24 billion per annum1441 
while Griffith suggests the figure is £34 billion1461. However, due to smaller family sizes, migration, 
divorce and greater numbers of potential carers entering the workforce, the potential for this to 
continue has been questioned. Any reduction would dramatically affect the current situation as 
society ages.
■ The majority of people (80%1791) who need support would prefer to stay in their own homes for as 
long as possible and this trend is reflected in government policies that seek to enable home-based 
alternatives to acute hospital/institutional care.
■ Older people already use technology to support their independence and the Royal Commission for 
long term care expects older people in future to be as comfortable with computer controls as the 
present generation are with telephones11001.
■ The increasing cost burden of high technology hospital healthcare and medicine.
■ Increased user expectations of the health service and greater consumer choice.
■ Better utilisation of resources, for instance reducing bed blocking.
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10.2 Answering The Original Research Question
In order to address these issues and improve the current health, care and support mechanisms telecare 
must offer operational and financial incentives and be able to integrate seamlessly into current healthcare 
systems. The research reported in this thesis is believed to add greatly to the evidence base.
The original research question was:
Are assistive technologies an enhancement to the present health, care and support mechanisms?
In order to address this question four objectives were originally defined as follows:
1. User requirements: To define what users would like from a 2nd generation telecare system.
2. System architecture: To present models of the information flows in 2nd and 3rd generation systems.
3. Financial considerations: To undertake, based on the present and future systems as defined in 
objectives 1 and 2, an evaluation of the costs involved/expected.
4. Service delivery: To investigate the changes that will result from the introduction of the healthcare 
model identified under objectives 1 and 2. In particular, attention should be given to changes at the 
community alarm control centre.
These objectives sought to answer the questions “Should we do this?” and “What is it we should do?”. 
On the evidence presented in the preceding chapters it is believed that telecare has significant potential 
and attempts should be made to deliver an enhanced telecare service.
10.2.1. User requirements
Based on an understanding of technologies that could be included in a 2nd generation system, the user 
survey of Chapter 3 indicated that present users were receptive to the options discussed. Indeed, there 
was overwhelming support with 57% interested in obtaining at least 3 of the 4 options available. 
Namely, automatic fall detection, lifestyle monitoring, telemedicine and videoconferencing. Future 
potential users were also receptive to 2nd generation telecare systems and the results of the Anchor/BT 
trial indicated that such monitoring was welcomed with 69% of the trialists believing the LMS was of 
importance to them[108].
10.2.2 System architecture
In order to move from the present community alarm system to reactive and preventative systems it is 
necessary to define an achievable target system. Based on a review of the technology available and the 
views of users this target system was defined in Chapter 4. However, to move from the current 
community alarm system to the target system represents a considerable change in terms of the attitudes 
of users, in technology, and has infrastructure and service delivery considerations. It is therefore 
necessary to move incrementally and stepping stone systems have been defined in Chapter 5.
Attempts have been made at defining, in general terms, future systems by Doughty e t a l[ 1661 and 
subsequently by Tang e t a l[m ] who attempted to develop the work of Doughty. However, these attempts 
provided little detail and talk in generalities, the actual components and system architecture where not
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considered. In order to provide a framework for future developments, Chapter 5 defined the 2nd, 3rd and 
4th generation systems, indicating both the technologies required and the data flows that would result.
10.2.3 Financial considerations
Perhaps the single greatest reason why telecare has not been implemented on a larger scale is that the 
evidence of the financial position of telecare has not been demonstrated. Indeed, there is little to suggest 
that telecare, telemedicine or smart homes are cost-effective. Whitten e t a l attempted a mata-analysis of 
telemedicine research and cost-effectiveness, concluding that there were only 38 papers that contained 
any real data and these were unsuitable to perform the analysis13581. Chapters 6 and 7 have sought to 
address this issue with the development of a model that can be used to generate costings based on a range 
of scenarios. The model developed conforms to standard health economic conventions with the 
exception of intangible benefits, which would tend to increase the return on the initial investment. When 
compared to the present community alarm system, the results from the model clearly indicates that 2nd 
generation systems are cost-effective with the anticipated implementation generating a saving of £8.3m 
at the end of the 10-year system life cycle.
10.2.4 Service delivery
The introduction of new technology and systems will inevitably impact upon service delivery and change 
the way in which people work. The 2nd generation system brings together data from various 
organisations into one central resource held at the control centre and encompassed is collaborative 
working between health, social services and housing. The control centre is currently the first point of 
contact when a community alarm is activated and has therefore been investigated in detail. The model 
developed accurately simulates the current system and confidence can therefore be given to the results it 
generates when simulating future systems. The 2nd generation system described in Chapter 5 has been 
modelled and it has been shown that the system is deliverable within the current resources. However, it 
may be necessary to change shift patterns to reflect the change in workload.
The research described in this thesis has indicated that 2nd generation telecare systems are a logical 
progression from the 1st generation system, while 3rd and 4th generation systems could have an even 
greater impact. These systems have been defined and there is evidence to suggest that users are keen to 
embrace them. In addition, it has been demonstrated that such systems are cost-effective and can be 
delivered with current resources. However, it should be appreciated that while this research has 
demonstrated that there is significant potential, much of the research is based on relatively small sample 
sizes or theoretical models. For instance, the cost analysis work contains many assumptions due to data 
not being available, the expected model uses a home equipment cost of £700, but the exact cost of the 
technology is unknown as the technology is not currently available.
The service delivery model is based on assumptions of possible 2nd generation call profiles because the 
data does not exist. However, having developed these models when data does become available the 
models can be readily updated and the appropriate conclusions drawn. The research presented here
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therefore provides a base from which further research can be conducted and the results of this further 
research incorporated into the models.
Therefore, when considering the original research question, the general trend from all aspects of the 
research would indicate that assistive technologies are an enhancement to the health, care and support 
mechanisms.
10.3 Inhibitors To Change
Incorporating telecare into the existing health, care and support mechanisms will almost inevitably 
involve a change to current working practices. Despite everyone in healthcare provision relying on one 
another for the quality and timeliness of key data and information, some stakeholders are likely to 
perceive the introduction of telecare as a threat to their legitimate power14151. In considering the use of 
the power concept in evaluating the impact of telecare on the patient or user, and care providers, a 
number of power related inhibitors to change are noted:
■ Insufficient focus and communication: Top-down management may not have the drive and focus to 
clearly define operational goals and organisational targets. This coupled with ineffective 
communication between all levels of stakeholders may lead to resistance by the ‘grass roots’ 
workforce who perceive management as imposing the technology to control, monitor and limit their 
movements.
■ Status removal: Through technically enhanced collaboration between different facets of the system 
user or patient information is readily available and the hierarchical management structure can be 
reduced, eliminated or changed. A computer illiterate senior clinician may need to rely on a junior 
member of staff to provide information with the status of the clinician being reduced while that of 
the computer operator is enhanced.
■ Reduction of patient/clinician interaction: Discussions with and information retrieval from the 
patient by the clinician will be reduced as more reliable data will be held within the computer system 
and in particular the EPR. As a consequence, analysis of the EPR may become more important than 
discussion and information retrieval from the patient and would be opposed by both the patient and 
the clinician.
■  Technical illiteracy: Without additional training professionals who have difficulty using technology 
may be reluctant to use the new technology and their apprehensive attitudes may be transferred to 
other potential users. It may also be that due to their difficulties with technology, they may not 
provide a telecare system to a user while it may be clear to others that the user could benefit from 
acquiring such a system.
■ Collaboration and co-operation: A financial and organisational structure that allocates 
responsibilities and resources in a way that inhibits co-operation and collaboration. This is 
particularly apparent where expenditure by one organisational cost centre generates savings not for 
itself but for other cost centres as is identified in the cost analysis of Chapter 7.
Chapter 4 indicated that much o f the technology o f a 2nd generation telecare system currently exists, or
could be developed within a relatively short period o f time. The inhibitors to change are therefore
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largely operational rather than technical, however technical considerations must be considered and these 
relate to the need for low cost, plug-and-play intelligent sensors. Despite the welcoming of technology 
in the previously identified NHS plan, perhaps the greatest inhibitor to the development and introduction 
of telecare is that the government will only introduce telecare when there is a clinical need and where 
evidence exists to support its effectiveness1416]. However, few companies will invest in the development 
of systems and technologies until a clear return on the investment can be identified. Yet while projects 
continue to operate in isolation and no strategic Government plan is in place to focus research and 
development, enhancements are likely to continue in a piecemeal and ad-hoc fashion.
It is suggested that what is required is a large-scale study or randomised control trial. Many of the 
telecare, telemedicine and smart homes projects have tended to be small scale without sufficient attention 
to a research methodology. In order to influence decision-makers in Government and manufacturing of 
the real potential of telecare, concrete evidence is required on the success of technology intervention. 
The results presented have made a significant contribution to the supporting evidence for telecare but 
until the verified results of a large-scale trial have been gathered, it is unlikely that telecare will be 
developed and introduced in the way suggested in Chapter 5.
However, there is some evidence to suggest that the Government is giving greater attention to the use of 
technology to support older people independently in the community. The NHS plan clearly identified 
technology as a way of enabling older people to live independently in their homes, while a new 
Government post has been created focusing on older people. By 2004 a total of £1.4 billion will be 
available to invest in improving health and social care services specifically for older people14171. With 
continued Government emphasis on prevention and support for older people in their own homes, aided 
by the creation of the new older person ‘Tsar’ it may be that the Government foresees assistive 
technologies, and perhaps specifically telecare, as a way of reducing costs while improving service 
delivery.
10.4 The Positioning Of Telecare31
Currently the health care service can be said to operate at three levels as indicated in Fig. 10.1. The 
primary care level is normally the first point of contact and is typically provided by GP’s and community 
health centres. The second level provides specialist care in community hospitals, normally for people 
referred from the primary care level, although emergency admissions can enter directly at this level. 
Tertiary or superspeciality level care is provided by major medical centres for people who require 
specialist treatment14181. At this higher level the fewest number of people are treated, as others have been 
dealt with at previous levels.
This section is based on the paper Bradley DA, Williams G, Brownsell SJ. Levy S. “Community alarms to telecare: 
a systems strategy for an integrated telehealth provision.” Currently in preparation.
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In addition to these established levels of care, the NHS plan introduced the concept of intermediate care 
which provides a ‘bridge between hospital and home....This will speed up discharge from hospital when 
patients are ready to leave. The new services will give older people more independence rather than being 
forced to choose a care home[4n]’. This level o f care therefore seeks to address a current shortfall where 
24-hour care may be provided in hospital one day and the next day no assistance is provided for the 
person in their own home.
Telecare could be positioned as a form of intermediate care where people could be discharged from 
hospital, enter intermediate care and then be provided with a telecare system in their own home. 
Alternatively for some people, perhaps with carers or family at home, they could be discharged from 
hospital and be provided with a telecare system with certain modules of the system then being withdrawn 
as recovery takes place. In the overall context of health, care and support, telecare can be located 
towards the centre o f the care cycle as indicated in Fig. 10.2.
Tertiary care 
Secondary care 
Primary care 
Sm art homes 
Telem edicine  
Telecare
Self care/ 
education
| | Current levels | | Proposed levels
Figure 10.2: The positioning of telecare in the health, care and support system
Clearly at the centre o f  the system is self-care and education, enabling people to support themselves. At 
the next level a telecare system, perhaps consisting o f lifestyle monitoring, may be appropriate, while the 
following level could contain elements o f telemedicine. Assistive technologies, for instance 
environmental controls and door openers may be part o f the smart homes level. These first 4 levels are
228
Chapter 10
supported by community care, NHS Direct, and informal support networks. The three more accepted 
levels o f care and support can then be positioned around these new levels.
It is also recognised that individual levels can be accessed directly without going through preceding 
levels. For example, a user with a telecare and telemedicine system can go directly to hospital if  
appropriate. Nevertheless, Fig. 10.2 does provide an indication of increasing assistance and need the 
further away from the centre a particular user is positioned.
In future it may be that the 3 levels of telecare, telemedicine and smart homes are grouped together, as 
the boundaries between these can become blurred. A telecare system provides a basic monitoring system  
intended for many users but as indicated by Chapter 5, one of the components o f a 2nd generation system  
is the presence of medical monitoring which falls within the remit o f telemedicine. Further, the attributes 
of smart homes could also be considered as part o f an environmental control system for a telecare user. 
The distinction between these three levels is thus an artificial one, as far as the user in concerned they 
may need a certain level o f monitoring and assistance, but which o f the levels provides it, is in many 
respects irrelevant to the user. It can therefore be suggested that the term telehealth should be used to 
include the attributes of telecare, telemedicine and smart homes, as telehealth has been defined as 'the 
use of telecommunication technologies to make health and related services more accessible to health 
care consumers and providers in rural, or otherwise undeserved areas14191.’
Table 10.1 indicates some of the possible user groups to whom assistive technologies might be directed 
and indicates the wide diversity of provision required, suggesting an equally diverse range of telehealth 
services.
Table 10.1: Telecare user groups
User Group______________________________________________________________________________________________
People supplied with equipment as part of their hospital discharge plans to support early release.
People who find themselves temporarily incapacitated.
People who require some basic assurances and support in order to lead an independent lifestyle in their own 
homes - the ‘well elderly’ or current community alarm users.
People with mild forms of dementia that require some support to lead an independent lifestyle in their own homes. 
People undergoing needs assessment, perhaps following a change in personal circumstances.
Terminally ill people receiving palliative care at home.
People considered being at risk of accident or relapse.
Physically disadvantaged people.
People suffering from chronic ailments such as diabetes, hypertension, bronchitis or asthma.
People addicted to heroin or other drugs and who are taking part in a  controlled course of treatment to enable 
them to control and m anage their addiction.
Fig. 10.3 and Table 10.2 represent telehealth provision as a combination of responsive, supportive and 
preventative services and depending on the needs of an individual the relevant services can be provided. 
Provision in zones A & B are essentially sensor based while those in zone C are more system intelligence 
based using parameters derived from data provided by the sensors o f zones A and B.
229
Chapter 10
S U P P O R T IV E
R E S P O N S IV E  P R E V E N T A T IV E
Figure 10.3: Options available under the telehealth provision
Table 10.2: Care provision for the zones identified in Fig. 10.2
Zo ne Situation Provision
A A middle aged person discharged from hospital following 
cardiac surgery
Blood pressure monitor 
Fall detector 
Panic pendant
B A person suffering from multiple-sclerosis Smart wheelchair
Som e automated house functions
C A person being assessed for living alone following a change 
in personal circumstances
Activities of daily living
AB Older person living at home Panic pendant
Fall detector
Video doorbell
Drug compliance monitor
BC Older person suffering from mild dementia Reminder unit
General long-term monitoring
AC Older person living alone requiring reassurance Panic pendant 
Chair occupancy monitor 
Room occupancy monitor 
Security system  
Event analysis system  
Fall Detector
ABC A person post stroke Activities of daily living 
Reminder unit 
Fall detector
Chair occupancy monitor 
Room occupancy monitor 
Drug compliance monitor 
Virtual consultations
In practice, many of these devices and systems are reliant on other systems in order to function. For 
example, in order to accurately generate a fall prediction index, it may be necessary for the user to have a 
fall detection unit and also to monitor the users walking and movement.
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10.4.1 Responsive Systems
Sensors and systems that fall within the remit o f responsive systems monitor the user and automatically 
generate a call for assistance if the user is unable to do so. These systems therefore function in 
combination with the 1st generation community alarm system and react to situations that require 
immediate assistance or intervention.
10.4.2 Supportive Systems
Supportive systems are used where users require aids to support them in living independently in their 
home environment and may well be a means o f breaking out o f the ‘cycle o f dependency’ o f Fig. 10.4.
No mobility
1
Reduced opportunities for 
play and exploration
Lack of stimulii, Frustration, reduced
less experience motivation and
and control confidence
Development delay due to 
deprivation
Figure 10.4: The cycle of dependency[420]
Supportive systems are likely to be particularly suitable for people who suffer from some form o f  motor 
or mental incapacity and would include devices such as:
■  Smart wheelchairs.
■  Reminder systems for users suffering from dementia.
■  Drug delivery and compliance monitoring units.
■  Voice recognition systems to control various assistive technologies such as door entry systems.
10.4.3 Preventative Systems
Preventative care relates to situations where the local or system intelligence is responsible for deducing 
the current, and possibly future, status of the user from the available data as provided by the responsive 
and supportive systems. For instance, by employing predictive indices based on the multi-variable 
analysis o f the users data it may become possible to indicate high-risk situations. By setting appropriate 
intervention thresholds in consultation with the user, occupational therapist and clinician if appropriate, it 
could then be possible to target resources to those most in need. For example, if a particular user is at a 
high risk of falling then it may be appropriate for them to wear hip protectors that have been shown to 
reduce the risk o f a fracture by as much as 50%14211. It may also be beneficial to remove environmental 
hazards such as poor lightening, loose rugs and electrical cords, although evidence that removing these 
hazards reduces the risk of falling is slight1354,4101.
Such preventative systems may well form the basis o f a more proactive and interventionist strategy for 
care in the community. This must however take place in the context o f consultation and discussion with 
users and be capable o f accommodating user choice.
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10.4.4 System Integration
System integration operates at various levels and addresses the means by which the various elements and 
technologies in the telehealth system are brought together. At the users home level, this requires the 
combination of the home-based communications network and local intelligence to provide the analysis 
and decision making capability. At this level parallels can be drawn with smart home technology and it 
may be appropriate to share communications protocols, for example the new ‘Convergence’ protocol 
which merges BatiBus, EIB and EHS[1401 as indicated in Chapter 2.
At a higher level system integration refers to ensuring that data and information is provided from the 
home to all o f the stakeholders in the system. However, various issues must be addressed.
■  User acceptance of what data should leave the house under which conditions. Chapter 3 indicated 
that this was not perceived as a problem with the current users, but conformation and agreement with 
individual users must be secured.
■  Data security and access validation to ensure that confidential information is only available to the 
appropriate stakeholders.
■  Appropriate links between human and machine based intelligence in decision making. For example, 
determining at what level a human should be informed that intervention might be beneficial.
Perhaps one of the key considerations when designing the telehealth system is to ensure that the system  
can adapt and change with the user. Therefore, devices and systems can be added or removed depending 
on the status of the user, a modular, plug-and-play system is therefore essential. The concepts o f  
universal design are summarised in Table 10.3[4221 and represent a series o f goals by which the system  
may be evaluated.
Table 10.3: The principles o f universal design
Design Principle Description1 Equitable use Allows users to operate device or system with ease without stigmatising them.
2 Flexibility in use Ensures that people with varying abilities, preferences and skills can use the 
product or system.
3 Simple and intuitive use Employ a consistent user interface. Provide suitable prompting and feedback 
during and after task completion. Above all keep it simple.
4 Perceptible information Multi-sensory approach to the presentation of information supporting user 
definition. Keep messages simple and clear.
5 Tolerant of error Fail-safe approach with suitable and appropriate warnings and checks. 
Minimise adverse consequences of accidental or unintended actions.
6 Low physical effort Easy to use and ergonomically effective design.
7 Size and space for 
approach and use
Access must be suitable for all users irrespective of personal circumstances.
10.5 Developing Telecare And Future Research
As described earlier, the research presented in this work has laid a foundation on which further research 
can be built. However, it is believed that only a large-scale field trial will secure the necessary evidence 
to persuade Government, policy makers and manufactures of the potential o f telecare and telehealth in 
general. Demonstration projects have been useful in showing the potential, but demonstrable facts are
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needed on cost-effectiveness and the benefits to real users. In order to perform such a trial various 
developments must take place both prior to, during, and after the trial to enable telecare to successfully 
develop along the lines indicated in Chapter 5.
10.5.1 Introduction (0-2 years)
Year 1
In the first year, developments are centred on the creation of the sensors required for a 2nd generation 
system. In particular technical developments are needed for:
Lifestyle monitoring system (LMS): The appropriate algorithms need to be defined along with a system 
capable of functioning when two or more occupants are present, perhaps by electronic tagging. Attention 
must also be given to learning and adapting as user(s) behaviour changes over time. For example, if the 
user initially gets up at 8am but over a period of time this becomes latter and latter, then the LMS must 
recognise this change and alter its parameters accordingly so as not to generate an alert when not 
necessary. The LMS should also be linked to factors such as the television listings and maintain a 
‘favourites’ list o f programs to ensure false alerts are not made when a television program is moved to a 
different time.
Drug dispenser: As indicated in Chapter 5 there are various dispensers available but non o f them have 
the functionality or system integration required.
Medical monitoring: Various elements of this system component are available, for example ECG 
monitoring. However, a formal study o f what is required from a medical professionals perspective does 
not appear to have been performed. It is therefore suggested that a formal study of GP’s, hospital 
clinicians, district nurses and other health workers should be carried out to formulate an understanding of 
the elements to measure for general use. When the appropriate parameters have been agreed, a package 
should be created to monitor these requirements.
Electronic Patient Record (EPR): The EPR needs to be created with appropriate gatekeeping to ensure 
that professionals can only see and edit fields which are appropriate for them to view and no more. 
Efforts must also be made in the control and locking procedures to ensure that the same record is not 
being viewed or amended by two or more people at the same time.
Alongside these technical developments, the views o f professionals and users should be sought. Chapter 
3 indicated that current users in sheltered housing in Birmingham were receptive to 2nd generation 
systems, but it must be established if this view is reflected by alarm users dispersed within the 
community and in other areas of the country. The views of medical professionals has been suggested in 
relation to the development o f medical monitoring but what are the views o f occupational therapists, 
carers, informal carers and family members? Each o f these groups plays a role in the support and care of 
older people and other user groups, and they should be consulted and where appropriate efforts made to 
accommodate their wishes.
As previously indicated, it is believed that a field trial is required to quantify the success o f the telecare 
intervention. Therefore, during the first year the appropriate user groups should be identified with initial 
consideration being given to older people, community alarm users and disabled users. In order to
calculate and demonstrate the ability to assist people in the community rather than in residential care, or
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to alleviate a move ‘up the care ladder’, it will be necessary to recruit people o f relatively high 
dependency who may require greater intervention in the future. Appropriate ethical approval must be 
obtained.
Having decided upon the appropriate user group(s), recruitment o f the participants should take place and 
contain enough people to enable both a control group and an intervention group to be established. It will 
therefore be necessary for those selected to be of a similar dependency level, age, social group and so 
forth.
Year 2
During the second year of the project the other elements o f the 2nd generation system defined in Chapter 
5 which were not started in year 1 must be developed. These elements require less time to develop as 
they are more simplistic or already exist in a suitable form for adaptation. Testing procedures must be 
identified and performed to ensure that each o f the elements operates correctly when included in a 
system context, rather than a stand-alone element.
The medical monitoring unit should be investigated and trialed to discover at what stage a change in the 
measured parameters should instigate a call for assistance. For example, for each user what combination 
of levels o f blood pressure, ECG or breathing characteristics should generate an alarm. This level should 
be based on when intervention would have a positive outcome on the user. Defining this point for every 
potential user may prove difficult and attention must be given to the appropriate algorithms for alarm 
generation so as to only generate calls when necessary.
During the second year, the users identified for inclusion in the trial should be monitored. For example, 
records should be kept on interactions with the GP or other healthcare professionals, the amount of 
formal and informal care received, any time spent in hospital, ADL and other appropriate assessments. 
At the end o f the second year the participants should be divided into two groups, the first group or 
control group are then monitored during the next year without any intervention and the intervention 
group should be provided with a 2nd generation telecare system. Based on the scores from various 
assessments both groups should seek to include similar people, it may therefore be necessary to not 
consider certain people if their health or assessment scores are substantially different to the rest o f the 
participants. All costs and professionals time should be recorded along with any interactions with 
professionals, carers and others. This should continue throughout year 2.
At the end of year 2 when providing a 2nd generation system to the intervention group consideration 
should be given to which people were likely to benefit from certain elements or modules o f the system. 
As described in Chapter 5, certain people may require medical monitoring while for others this would not 
be necessary. A sub-element o f this trial should include a review o f the various assistive technologies 
available and an attempt made to discover at which point certain groups of people would benefit. For 
instance, when would be the ideal time for a fall detection unit to be provided, an index could be 
developed, based on age, dependency score and so forth. In essence this could be described as a 
technology prescription.
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10.5.2 Development (3-5)
During year 3 both the intervention and control group are assessed on a quarterly basis using standard 
health and well being tests, such as the Activities o f Daily living (ADL) assessment. All interactions 
with health care professionals and carers must be recorded and at the beginning o f year 4 the results from 
the intervention year can be analysed. For the intervention group comparison can be made with the 
assistance and care they required during the year prior to receiving a 2nd generation telecare system and 
one year after the intervention. Comparison can also be made with the control group and the intervention 
group to identify if dependency or a ‘move up the care ladder’ has be averted or postponed. In addition 
the intervention group should be surveyed to discover their attitudes towards the system and highlight its 
benefits and difficulties. In a similar manner the carers, health professionals and relatives should be 
surveyed to discover the performance of the system from their perspectives.
One of the interesting results from the Anchor/BT trial was that 54% o f users felt more confident11081 as a 
consequence. However, without a long term field trial it is difficult to know the benefits that contributed 
to this feeling. It could mean that as people feel more confident they are better able to support 
themselves in the community. However, it could be that because of this greater feeling of confidence, 
activities which previously were left to someone else, for example changing a light bulb, may now be 
undertaken by the person themselves, knowing that the system will generate an automatic alert if 
necessary. It could therefore mean that this feeling o f greater confidence could actually result in an 
individual putting themselves at risk. However, due to the limited trials currently performed the actual 
answer is unknown.
When the various assistive technologies and elements o f the 2nd generation system are used during the 
field trial this information should be recorded and stored. As part o f the technology prescription, 
identification of the commonly used technologies can then be performed to assist in the development of 
the algorithms which define at which point intervention should occur and which technologies should be 
prescribed. This should continually evolve as more and more technologies become available.
Having analysed the results from the trial, the technology used should be enhanced to incorporate 
improvements suggested by the various user groups. In addition, during this development period efforts 
should be made to develop and enhance the technology so as to move towards the 3rd generation telecare 
system described in Chapter 5.
During the trial all interactions with health and care providers should be recorded and costed. An 
evaluation of the technology costs aided by any savings in a reduction o f care or hospital admittance can 
then be used to perform a cost analysis and discover the true costs of the intervention.
At the end o f the field trial both user acceptance issues and the results o f the cost analysis should be 
disseminated to various government agencies and the equipment used should be made commercially 
available if benefits arise. The 3rd generation system of Chapter 5 should be re-defined based on the 
practical experience o f the trial and new technologies created. Having developed the appropriate
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technology a new trial, following the same methodology should then be performed but as well as 
containing highly dependant people, less dependant people should be included and the benefits afforded 
to wider user groups, such as community alarm users, calculated.
10.5.3 Research (6-10 years)
The cycle o f the previous 5 years, namely define the system, develop the technology, perform 
quantifiable evaluation and redefine the system, should continue in this phase. The result of this research 
is to move towards the target, 4th generation system defined in Chapter 5. Based on the availability of 
EPR’s by 2005 at the latest13341, developments in this period (2006-2010) should include the evaluation of 
intelligent software agents to analyse each user’s EPR to define what intervention should take place and 
when it should occur. Remote assessment and data gathering is seen as critical to this process and 
accurate algorithms must be developed. These software agents or expert systems do not currently exist, 
however before attempts can be made at defining when intervention should take place, results from the 
previous trials are necessary.
10.6 Final Thoughts
Telecare is a new and emerging area of research but as the health, care and support system currently in 
place becomes ever more burdened as society ages, telecare provides the potential to deliver a robust, 
preventive and assistive system. This research has demonstrated that:
■  The current system has difficulty delivering the required levels o f support and the burden will 
increase.
■  Potential and current users welcome telecare initiatives.
■  Providers have shown willingness, although greater research is required to establish medical 
professionals requirements.
■  The qualitative benefits o f telecare have been widely accepted and have been reported during this 
research.
■  Despite telecare being discussed for some time, little attention has been given to defining what a 2nd, 
3rd, and 4th generation system should incorporate. Based on the views o f users and providers and an 
investigation of the current technology trends, these future generations have been defined and are 
targets to work towards.
■  Research into the cost-effectiveness of telecare is almost negligible. However, this thesis has 
suggested that when comparing the present community alarm system to a 2nd generation telecare 
system, savings in the order o f £8 .3m are evident at the end of the 10 year system life cycle.
■  There has been concern over the impact o f telecare on service delivery but there appears to be 
nothing on this reported in the literature. The model developed indicates that the current resources 
could provide the envisaged telecare system.
It is therefore believed that the original components of this research can be defined in four areas:
■  Highlighting the views of current community alarm users and the likely acceptance level o f telecare 
components.
■  Defining the specific contents o f the 2nd, 3rd, and 4th generations of telecare.
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■  Creating a financial model o f the telecare system and demonstrating that telecare could be cost- 
effective.
■  Creating a service delivery model and indicating that telecare could be delivered within the current 
resources.
10.7 Dissemination Of Knowledge
Due to the relatively limited amounts of published research, throughout the duration o f this research 
project attempts have been made to disseminate knowledge throughout the project group at quarterly 
meetings and invited internal seminars, and to the wider research community. This has been achieved 
both nationally and internationally through various publications and presentations as indicated in 
Appendix A 10.1.
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Appendix A l.l
Appendix
Funding Consortium Partners
TeleLarm  C are L im ited : TeleLarm offers a wide range of solutions to housing departments, social 
services, sheltered housing and control centres that provide peace of mind and enhanced standards of 
living to the elderly, disabled and those at risk who wish to remain independent and secure in their 
homes. One of the ways this is achieved is by supplying community alarms and they have been 
providing communication systems to health and community care sectors for more than 40 years. Further 
details can be obtained from TeleLarm Care Ltd, Latour House, Chertsey Boulevard, Han worth Lane, 
Chertsey, Surrey, KT16 9JR, Tel: 01932 577700.
P en tyre  p ic : Pentyre specialises in the development of software for the most demanding of environments 
including real-time control, communications systems and control centres. In conjunction with 
Birmingham City Council Housing department a social alarm control centre system was designed and 
developed to monitor social alarms used by elderly, disabled or vulnerable people. This system 
developed by Pentyre is currently being distributed through TeleLarm Care Ltd. Further details can be 
found at http://www.pentyre.co.uk.
H E T  Softw are L im ited : HET was established in 1993 in the wake of the Care in the Community Act. 
The core business is computer software, specifically for the care industry and housing sector. HET has 
developed a number of products in this field, in particular, there are approximately 500 users of its core 
product, C streM an ager. This is a software solution for the organisation of domiciliary and nursing care. 
Further details can be found at http://www.careware.co.uk.
Non funding consortium partners
Birm ingham  C ity Council, H ousing departm en t (BCC): BCC is one of the largest local authorities in 
England and through the use of community alarms provides support to individuals in their own homes, 
be they distributed in the community or grouped in a sheltered housing scheme. Through their 
community alarm control centre they provide assistance to approximately 11,500 elderly, disabled or 
vulnerable people.
U niversity o f  A bertay, D u n dee : David Bradley is Professor of Mechatronic Systems and has a particular 
interest in the design of complex, intelligent systems with particular reference to mechatronics. He has 
carried out research in areas such as engineering design, information flow modelling, smart wheelchairs, 
sensor behaviour and autonomous robots. More recently, he has developed an interest in the applications 
of systems methodologies to the design, configuration and operation of telemedicine and healthcare 
systems.
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Benefits Of Telecare And Telemedicine
The published benefits of telemedicine and telecare have been stated as:
■ Empower patients by providing them with information, involving them in the management of their 
condition, and allowing them to make choices about their treatment1581.
■ Reduce the length of hospital stay and therefore the cost of hospitalisation since the patient can be 
monitored at a distance11351.
■ Admission to nursing homes can be delayed or avoided11161.
■ Reducing patient j oumeys for specialist consultations11351.
■ Reducing travel costs and time for specialists visiting other hospitals for consulting11351.
■ Making better use of healthcare professionals’ time, improve patient medicine compliance, and 
prolong economic activity by the patient and their informal carer1581.
■ Reduction in the number of errors in medication14231.
■ A reduction in operating costs through centralisation and optimisation of resources (e.g. expertise, 
laboratories, equipment11351).
■ Savings on hospital accommodation and processing costs as patients are treated remotely11351.
■ Savings due to provision of health care in remote clinics or mobile health units versus expansion of 
urban or regional hospitals (I.e. the difference in construction and running costs of facilities11351).
■ Reduced risk of medical images getting lost11351.
■ Improved consultations and second opinions11351.
■ Reduction of additional examinations11351.
■ Non-urgent home visits to be made by more junior staff safe in the knowledge that they have instant
access to backup thus reinstating reassurance visits that are being phased out under budgetary
cuts1581.
■ Faster diagnosis and treatment11351.
■ Shortening of time spent by patients waiting for medical services13571.
■ Solutions for administration and logistics, supervision and quality assurance, and education and 
training for health care professionals and providers11351.
■ Access to better health services reduces poverty and increases productivity11351.
■ Universal care provision and a much broader reach in rural and remote areas11351.
■ Availability of regular or on demand health care in remote areas which helps to slow population 
migration or attract people back to previously abandoned areas11351.
■ Reduce the burden on health and social care professionals by introducing an effective triage system 
dealing with and prioritising calls for assistance1581.
■ Reduction in patient anxiety11161.
■ Families can be spared the stress and expense of visiting relatives who are being treated in a distant 
hospital11351.
■ Reduction in ambulance callouts11161.
■ An improvement in the flow of information between the GP and specialist, both with referred 
patients and in emergencies11351.
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■  An increase in the GP’s level of confidence11351.
■  Improved image of a country (which is important, for example, in attracting investment11351).
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Related Projects
Further details of other related projects identified by Curry and Norris can be found at the project web 
addresses:
Ithaca http ://w w w . vtt.fi\tte\tre\ithaca
Action http://www.hb.se/action
Rise http://www.atkosoft.com/risepub.htm
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Telecare And Telemedicine Developers
A list o f some of the well-known telecare and telemedicine suppliers and developers is provided below. 
In addition a comprehensive list o f UK companies involved with telemedicine is maintained by the UK  
National Database on Telemedicine (NDTM)32.
Company Address Description
Acuson http://www.acuson.com Manufacturer and service provider of diagnostic medical ultrasound 
and echocardiography im age management systems that generate, 
display, archive and retrieve ultrasound images.
Aerotel http://www.aerotel.com Remote diagnostic equipment specialising in ECG and blood 
pressure monitoring.
A M D -
American
Medical
Development
American
Telecare
http://www.americanmed
dev.com
http://www.telemed-
care.com/
Remote diagnostic equipment such as video scopes, electronic 
stethoscopes, vital sign capture devices, microscopes and 
peripherals such as blood pressure and weight scale.
Provide equipment and monitoring facilities for remote and hospital 
based equipment. Virtual consultations with videoconferencing and 
medical monitoring using various attachments.
Antenna 
British Telecom
http://www.antenna.Se/a 
nteng/index.html 
http://www. bthealth .com
Community alarm manufacturer.
Various technologies that require telephone lines -  
videoconferencing/virtual consultations.
Cardguard http://www.cardguard.co
m/
Provide equipment for remote cardiology (EC G ) and pulmonology 
monitoring.
Instromedeix http://www.instromedix.c
om/
Specialise in cardiac monitoring. ECG, pacem aker and arrhythmia 
monitoring.
International
Security
Technology
http://www.ist.cc/EN/def
ault.htm
Key product is the W ristCare that continuously monitors a  users 
health status and sends an alarm to a control centre when the user 
is unable to do so.
Kodak http://www.kodak.eom/U
S/en/health/
Health imaging equipment for use primarily in hospitals but recently 
for use in home monitoring.(
http://www.kodak.com/US/en/health/lifeview/KHIproviderbro.pdf)
Motion Media http://www.motionmedia.
co.uk/home.htm
A variety of videophones for remote consultations with medical 
practitioners. No data is gathered remotely, purely the videophone.
Natali http://www.natali.co.il Provide a complete diagnosis of medical condition by telephone. 
Provide equipment and monitoring.
Olympus http://www.telemeduk.co
m/
Digital referral system with medical images. Primarily for GP and 
hospital doctors.
Plain software http://www.plain.co.uk/ Software used by nurses to provide advice to telephone callers on 
the symptoms. N H S Direct have used the software acting as an 
expert system.
Shahal http://www.shahal.co.il/ Provide community alarm equipment with medical monitoring such 
as ECG and blood pressure. Also provide smart home technology 
such as, remote door entry system for em ergency services.
Sony http://www.sony.com/me
dical
Video conferencing and still image capture equipment. Also supply 
monitors, printers and data storage devices.
SRS http://www.srstechnolog
y.co.uk/
Develop innovative technology for the benefit of people with 
disabilities or age related mobility restrictions. Core product is the 
SR S 100 (Merlin), an 'interactive device controller1 which controls 
various smart home devices in the home such as, door openers, 
control domestic mains electrical devices, draw curtains etc.
tds
(Telemedicine)
http://www.tds-
telemed.com/new_page
Videoconferencing with hospice patients and nurses. There is also 
a tds (Dermatology) ltd subsidiary.
32 http://www.dis.port.ac.uk/ndtm/ukgroup.htm
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Technology in http://www.tech- Develop sensors and systems for vulnerable people. Products
healthcare healthcare.demon.co.uk/ include an automatic fall detection unit and the latest product is the 
MIDAS system (Modular Intelligent Domiciliary Alarm System) 
which raises an alarm for help when the user is unable to do so.
TeleLarm TeleLarm Care, 
Hanworth Lane, 
Chertsey, Surrey, KT16  
9JR.
Community alarm manufacturer and recently developed a fall 
detection unit.
Tunstall http://www.tunstallgroup. Community alarm manufacturer; recently developed a speech
Telecom com pendant and researching telemedicine equipment through the 
SAFE21 project.
ViTel Net http://www.vitelnet.com Develop software programs for a variety of telemedicine 
appliances.
V -SPA N http://www.vspan.com Videoconferencing equipment designed especially for medical 
applications.
WelchAllyn http://www.welchallyn.co
m
History of providing remote medical diagnostic instruments and 
moving into transtelephonic monitoring -  allowing physicians to 
accurately observe blood pressure at a distance.
8x8 http://www.8x8.com Videoconferencing equipment
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Standard Questionnaire
Block FLAT NUMBER
1. Male/Female
2. Live alone/couple
3. Do you like having a community alarm and are you satisfied with it?
□  □  □  □Yes, definitely Mainly yes No, not really No
4. Do you currently have a pendant?□ □Yes No
5. Number of pull cords tied up/not wearing pendant?
□Not wearing pendant No. inoperable pull cords____ Which rooms______
6. Given the choice would you rather have:
□  □  □  □Just pendant Pendant 1 pull cord(Rm) Pendant and all pull cords Just pull cords
7. Which pendant do you prefer?
□  □  □Wrist Broach Neck cord
8. Would you like to be able to answer the phone by the pendant and speak 
into the pendant, for telephone calls and the door entry system?□  □  □Yes Perhaps No
9. Would you prefer the main unit:
□  □As it is Built into telephone □  □  □As a clock on the wall - Anlg - Elec
10. In the last year now many times have you used the alarm unit?
11. In the last year how many times has the alarm unit not been able to help you?
12. In these examples would you contact the warden/control centre or contact the
Bple directly yourself?□ '  □  □  □ .Fire Ambulance Police GP Repairs
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13. Would you allow a sensor to be placed in each room that could trace your 
movements, so unusual behaviour, such as you being in the living room hut not 
moving, for say 5 hours, raised an alarm?
□  □  □  □  □  □Yes, definitely Yes, probably Probably not No Don’t know If unit was smaller
Appendix
14. Would you allow the sensor to be installed in the bathroom□ □ □ □ □ □Yes, definitely Yes, probably Probably not No Don’t know If unit was smaller
15. If such an alarm were raised the alarm unit could automatically speak to you 
with a recorded message. You could respond to this by moving or pressing your 
pendant and this would cancel the call. Alternatively if you didn’t respond the 
warden/control centre would be called. Would you like a generated speech 
message before the unit called the warden/cc?
□  □  □  □Yes No Perhaps Don’t know
16. Would you like to have a small medical unit, that your doctor would set up for 
you, and when you used it, perhaps once a week, it would check your health and 
inform you?
□  □  □  □Yes No Perhaps If doctor decided
17. If you were to fall over and were unable to get up would you like this to be 
automatically detected and the warden or control centre contacted?
□  □  □  □Yes No Perhaps Don’t know
18. Would you be prepared for the health information to be kept so the doctor can 
use this when you next need their help?
□  □  □  □Yes No If GP thought wise Don’t know
19. Keep a record of when you have fallen?
□ □ □ □Yes No If GP thought wise Don’t know
20. Keep a record of unusual behaviour?
□  □  □  □Yes No If GP thought wise Don’t know
21. Are you concerned about you or others leaving the gas on by mistake?
□  □  □  □Very concerned Concerned Not concerned Indifferent
22. In a normal week how often do you ring people, including the warden, on the 
scheme? 23
23. If this call was free how often do you think you will ring people on the scheme?
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24. When communicating with the warden, control centre or GP, as well as 
speaking to them through the alarm unit would you like to be able to see them on 
the television? (also other residents in Hollypiece)
□  □  □  □  □Yes, all of the time Yes, most cases In some cases Not really No
25. Would you like these people to be able to see you on their televisions?
□  □  □  □Yes, definitely Probably No Don’t know
26. During a normal night how many times would you get u p ___________
27. Would it help if when you got out of bed all the rooms that you went into 
automatically turned the lights on and off for you?
□  □  □  □Yes, definitely Yes, most cases Perhaps No, not really
28. Have you fallen over in the home during the last year? N o.______
29. How many times have you been to the doctors surgery in the last year?_____
30. How many times has the doctor come to your home in the last year?________
31. Have you been admitted to hospital in the last year? N o._____
32. Do you have any home care support? No. of hours per week?_______
33. Do you have any nursing support? No. of hours per week?_________
34. Does anyone else provide any support? No. of hours per week?________
person_______
35. Do you take any prescription tablets daily? How many?______,
36. How many times a day do you take the prescription drugs?_____,
37. Do you sometimes forget to take your medication? How many times a month?
38. In general would you say your health is?
□  □  □  □  □Excellent Very good Good Fair Poor
39. When you activate the alarm how satisfied are you with the time it takes the 
warden to answer?
□  □  □  □Always satisfied Norm sat Occasionally sat Sometimes dissatisfied Always diss
40. When you activate the alarm how satisfied are you with the time it takes the 
control centre to answer?
□Always satisfied □  □  □Norm sat Occasionally sat Sometimes dissatisfied Always diss
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41. How many times a week do you go outside the scheme?_____
42. How often do friends visit you?______
43. How often do relatives visit you?______
44. Can you use?
1 - without help, quite easily. 4 - with a lot of help
2 - without help but some difficulty 5 - unable
3 - with some help N/A don’t have that device
□  □  □  □Cooker Microwave Washing machine Vacuum cleaner
□  □  □  □  □Telephone Radio TV Video Computer
45. If you were advised to move into residential care or could stay here with 
technology, automatically detecting unusual behaviour, more community care and 
adaptations to the home would you prefer?
□  □To stay here Move into care
46. If an exercise class were available here for free would you attend?
□  □  □  □Yes, defiantly Yes, probably Might No 47
47. Interviewees age?_______
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Additional Questions
Block__________ FLAT NUMBER
1. Have you any preference for the colour of the main unit?
2. Have you ever had a fire in this flat?
□  □Yes No
3. Have you ever left the gas on by mistake?
□  □N/A No No. of times per year___
4. Do you think you will fall in the home during the next year?
□  □  □  □  □Probably Possibly Probably not No Don’t know
5. If you were to fall over do you think you could call for help?
□ □ □ □ □Yes, all cases Yes, most cases Probably Probably not Hardly ever
6. In the past month, how much of the time have you felt downhearted and sad?
□  □  □  □  □  □None A little Some A good bit Most All
7. How valuable is the warden service to you?
□  □  □  □  □  □Invaluable Very good Good Satisfactory Poor Unnecessary
8. Do you like having the wardens morning visit?
□  □  □  □Yes, all of the time Yes, most of the time No, not really No
9. Are there occasions when you’re not ready for the wardens morning visit? 
No./month__
10. When the warden does the morning visit, would you prefer
The physical warden visit
A check by talking with the warden through the alarm unit
No visit, but if you weren’t moving by a set time the warden would be automatically called. 
Prefer not to have a visit.
11. In a week how many hours do you spend listening to music/watching the 
television?___
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12. In a week how may hours do you spend reading?
13. Can you see? (with glasses if worn)□ uEasily Sometimes with difficulty □Often with difficulty □Cannot see
□  □14. If difficulty/blind, Do you use? Bradle Mimcom
15. Do you have a hearing aid?
□  □  □No Yes Wear all of the time □  □ □ □Most Some Occasionally Never
16. Can you hear? (with hearing aid if worn)
□  □No difficulty Difficulty with some people □Considerable difficulty
17. How safe do you feel in your home during the day?
□  □  □  □  □Very Quite Not really Afraid Very afraid
18. How safe do you feel in your home at night?□ □ □ □ □Very Quite Not really Afraid Very afraid
19. Why did you move into the sheltered housing scheme?_____
20. Can you ever foresee a time when you will move from here?
□  □  □  □Yes No If health dictates To move in with family
21. In what ways would the flat be easier to live in? (bathroom - grab walls, w a lk  in
sh o w e r , Kitchen, adaptation to taps, plugs, work surface height) □
22. Is exercise important to you?□  □  □Yes Not really No
23. Do you go to any exercise classes now?□No No. per week_______________
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Additional Information
T h e  a d d itio n a l q u e st io n s  w e re  o n ly  u sed  in  o n e  o f  th e  b lo c k s  w ith  th e  p u rp o se  o f  in v e s t ig a tin g  s o m e  o f  
the b ack gro u n d  in fo rm a tio n . T h e  sa m p le  s iz e  fo r  th ese  q u e st io n s  w a s  5 5 .
Health measures
P articip an ts w e re  ask ed  h o w  w e ll  th ey  th o u g h t th ey  c o u ld  s e e  w ith  g la s s e s  i f  w o rn . A lm o st  h a lf, 49 %  
in d ica ted  th ey  h ad  n o  d iff ic u lty  se e in g , 25%  e x p r e sse d  so m e  d if f ic u lty , 24%  o fte n  h ad  d iff ic u lty  and 2%  
in d ic a ted  th ey  h ad  co n sid e ra b le  d iff ic u lty . N o  o n e  u se d  B r a ille  or m in ic o m  w ith  1 p er so n  u s in g  record ed  
tap es. T h e  R N I B [424] su g g e st  that o f  th o se  a g e d  7 5  and  o v e r  17%  are e l ig ib le  fo r  c e r t if ic a t io n /  
reg istra tio n  as b lin d  or partia lly  s ig h ted . T h ere fo re , th e 26%  o f  p artic ip an ts  in d ic a tin g  th ey  h ad  d iff ic u lty  
w o u ld  a g ree  w ith  a n tic ip ated  le v e ls . T e le c a r e  d e v e lo p m e n ts  sh o u ld  th erefo re  en su re  that u ser  in terfa c es  
are ap propriate w ith  su ita b le  co n trast and s iz e .
In a s im ila r  fa sh io n  p artic ip an ts w e re  a sk ed  h o w  w e ll  th ey  th o u g h t th e y  c o u ld  hear w ith  a  h ea rin g  a id  i f  
w orn . A g a in  th is  is  su b jec tiv e , w ith  so m e  p e o p le  sta tin g  th eir h ea r in g  w a s  v ery  g o o d  w h en  ra ised  v o ic e s  
w e re  n ec essa ry . N e v e r th e le s s , 67%  c la im e d  th ey  had n o  d iff ic u lty  h ea r in g  and 33%  in d ica ted  th ey  h ad  
so m e  d iff ic u lty . In to ta l, 6 ( 1 1 % )  p o s s e s se d  a  h ea rin g  aid , o f  w h ic h  4  sa id  th ey  w e a r  it a ll o f  th e t im e, 1 
o c c a s io n a lly  an d  1 n ever. V erb a l c o m m u n ic a tio n  th rou gh  th e alarm  sy s te m  m u st th erefore  b e  
ap p ropriate fo r  u sers  w ith  h earin g  d e f ic ie n c ie s .
P articip an ts w e re  a sk ed  i f  th ey  th ou gh t th ey  m ig h t fa ll d u rin g  th e n ex t 12 m on th s. A p p ro x im a te ly  33%
T255-2581o f  o ld e r  p e o p le  fa ll  ea ch  y ea r  b u t 4 2 %  w e re  co n fid e n t that th ey  w o u ld  n ot fa ll,  56%  in ferred  that
it w a s  s o m e th in g  that co u ld  n ot b e  ru led  ou t w ith  1 (2% ) s u g g e s t in g  that th ey  p ro b ab ly  w o u ld  fa ll. T h is  
p erso n  h ad  p r e v io u s ly  fa lle n  6  t im es  d u rin g  th e  p ast 12 m o n th s . It is  in tere stin g  that 42%  in d ica ted  th ey  
w o u ld  n o t fa ll and  th is  m ay  in d ic a te  that p e o p le  w e re  re lu ctan t to  a c k n o w le d g e  a fa ll  c o u ld  occu r. T h e  
a n tic ip ated  resu lt w o u ld  b e  for  a ll to  in d ic a te  th ey  m ay fa ll as th is  s h o w s  an ap p recia tio n  o f  th is  
p o s s ib ility  occu rr in g .
I f  a fa ll d id  o c c u r  T a b le  A 3 .3 .1  in d ica tes  that th e m ajority  o f  p artic ip an ts b e lie v e d  th ey  sh o u ld  b e  a b le  to  
ra ise  an alarm  w ith  th eir p resen t a larm  co n fig u ra tio n , i.e . p u llco rd s .
T a b le  A 3 .3 .1 :  The possibility of raising an alarm after a fall
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Raising an alarm
Yes, all cases
Percentage
22%
n
12
Yes, most cases 34% 19
Probably 31% 18
Probably not 9% 5
Unlikely 4% 2
O f th o se  in d ic a tin g  th ey  m ay h a v e  d iff ic u lty  o n ly  1 (1 4 % ) h ad  fa lle n  in  th e  p a st year. M a n y  c o m m e n ted  
that i f  a fa ll  o ccu rred  th ey  w o u ld  n eed  to  b e  n ea r  to  th e p u llc o rd s , b u t as p r e v io u s ly  d is c u s se d  43%  h ad  at
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least 1 pullcord deactivated. This may explain why 65% indicated that they would probably be able to 
activate the alarm. Of those suggesting they would ‘probably not’ or were ‘unlikely’ to activate the 
alarm only 1, had experienced a fall in the last year.
Fig. A3.3.1 indicates that 44% of participants felt sad or depressed during the previous month. Six of the 
24 people this accounts for live with someone else, while how people perceive their own health has little 
significance. Equally the number of times people go outside of their homes into the surrounding area 
had little significance.
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Fig A3.3.1: An indication o f how sad or depressed users felt in the previous month 
The warden service
Participants generally valued the warden service as presented in Table A3.3.2
TableA3.3.2: Satisfaction with the warden service
W arden service
Percentage n
Invaluable 65% 36
Very good 20% 11
Good 7% 4
Satisfactory 6% 3
Poor 2% 1
Unnecessary - -
13911Clearly the majority value the warden service and Fisk’s view that wardens should be phased out in 
preference of community based services would be unpopular with the participants in this questionnaire. 
However, over recent years the participants had undergone a 25% reduction in the warden service and 
some may have given a positive response in an effort to maintain their present service levels. Those less 
enthusiastic with the warden service were often of this opinion due to a personal social conflict and not 
because they did not value the service.
As part of the service, each weekday the warden will contact every home in order to verify well being. 
This is achieved physically by going to everyone’s front door 4 days a week and for the remaining day 
contact is made through the community alarm system to ensure the equipment is functioning correctly. 
Only 4% indicated that the ‘morning visit’ was not beneficial with the remaining finding it a comfort. 
Interestingly those who do not find this visit beneficial valued the warden service as either very good or 
invaluable.
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The morning visit takes place between 09:00 and 10:30 and as such, some people may not be ready. In 
total, 9% indicated they were often not ready and on average this would occur 2.6 times a month. A 
lifestyle monitoring system could provide valuable information to the warden. For example, if  no 
response could be gained during the morning visit and intercom, the lifestyle monitoring system could 
verify if anyone was in the home and hence unnecessary forced entry could be avoided. It could also be 
used to replace the warden’s morning visit. For example, if  the normal morning routine had not taken 
place, i.e. from the bedroom into the bathroom and into the kitchen for breakfast, then only these people 
would need to be visited. However, although this may be technically possible it would not meet the 
requirements o f users as indicated in Table A3.3.3.
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Table A3.3.3: The choice of warden’s ‘morning visit’
Choice of 
‘morning visit’
Percentage n
Physical warden visit 87% 49
Always using the intercom 6% 3
Lifestyle monitoring alarm 7% 4
No visit - -
It would appear that participants find comfort in the warden’s physical morning visit and do not want this 
to be replaced with technology. A practical point must also be considered; at present when talking 
through the intercom anyone in the common room can also hear the conversation with the warden and 
many commented that they disliked this. Hence, personal details are unlikely to be discussed through 
this method, while during a physical morning visit there is an opportunity for personal details to be 
discussed and hence in its own right this is a preventative measure. Nevertheless, for community alarm 
users without the services of a warden the lifestyle monitoring alarm, raising an alert if the morning 
routine had not been observed, could be advantageous.
The home
The reasons why people moved into the sheltered housing scheme often centre on their being unable to 
manage their previous property as indicated by Table A3.3.4.
Table A3.3.4: The reasons why people moved into sheltered housing
Reasons for 
occupancy
Percentage n
Noise/nuisance 22% 12
Own health 14% 8
Partners health 7% 4
House/garden to big 24% 13
Mobility 4% 2
Council moved 18% 10
Other 11% 6
The second reason why people moved was due to noise and nuisance at their previous residence. Many
of these people were reluctant to move, and it would appear that they feel they have been pushed out of
their homes because o f  the actions o f others. The third reason is that the council moved them; many o f
the residents have been in the tower blocks before they were made into sheltered housing and thus as
they have aged they have benefited from the wardens service. Also people in this group have moved to
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enable the council to offer their previous home, often a larger house, to families when they themselves no 
longer require the same amount o f space. Regarding moving again, 91% cannot envisage another move, 
although several commented that if they won the lottery they would change their minds. Approximately 
7% thought they may move in the future whilst 2% believe they will move in with family when 
necessary.
Participants where generally satisfied with their accommodation and few had suggestions for 
improvements. Five commented that lever handle taps to enable them to operate the water taps easier 
would be helpful, however, the main area for improvement and adaptations was in the bathroom. Several 
would like to obtain bath lifts or walk in baths, whilst 73% indicated they would like a shower unit to be 
installed. Many commented they feel unable to have a bath, for fear of being unable to get out of the 
bath and such a response would be anticipated as 11 % of older people have difficulty walking outside or 
bathing and washing all over. This increases to 41% of those aged 85 and over^425l
It has been suggested that 25% of older people feel unsafe in their own homes during the day whilst this
f411increases to 40% during the night . However, the results from this questionnaire would suggest that 
many felt safe in their homes as presented in Table A3.3.5
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Table A3.3.5: How safe users felt in their own homes
During the day During the night
Percentage 7 Percentage n
Very safe 78% 43 58% 3 2
Quite safe 22% 12 31% 17
Not really - 9% 5
Afraid - 2% 1
Very afraid - -
It should be noted that the majority had several security devices on their front doors, with most having at 
least 2 locks. Nevertheless, with such security users generally felt safe in their own homes during the 
day. During the night, again there was a general feeling o f safety however, comparing the response 
between the day and night reveals that 29% felt safer during the day with the remainder expressing no 
preference. The response from users dispersed in the community may be different to those observed here 
in sheltered housing.
Activities
Leather has suggested that men aged 65 and over watch the television for 34 hours a week and women 
for 37 hours14261. This questionnaire combined watching the television and listening to music and 
revealed that these activities accounted for 42 hours per week for men and 40.6 hours for women. 
Slightly higher than that suggested by Leather and the trend is reversed with men having a higher figure 
than women. An explanation for this trend reversal is not clear. On average each participant indicated 
they read for 1.4 hours a day, with 10 suggesting that they read for more than 2 hours a day and 9 
indicating they rarely read. O f those who do not read 1 was unable, 5 often have difficulty seeing and 3 
can see with ease.
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Inactivity is a major risk factor in old agel427J. Healthy older people lose strength (the ability to exert 
force) at 1 to 2% per year, and power (force * speed) at 3 to 4% per year. Without some form of exercise 
older people may not be strong enough to perform basic tasks for everyday living and it is also helpful in 
the prevention of falls and depression13551. A national survey discovered that 30% of men and 50% of 
women aged 65-74 do not have sufficient strength in their muscles around the thigh to rise easily from a 
low chair14281. The same survey also found that 40% of men and women aged between 65 and 74 do not 
take part in any moderate or vigorous activity.
When the questionnaire was performed 4 currently attended formal exercise classes. All of these people 
were actually receiving physiotherapy on average for 1.5 hours a week, therefore no one is currently 
attending a general exercise class. However, 32 felt exercise was important and this theme was further 
investigated in the standard questionnaire (sample size 176) where 40 indicated they would attend an 
exercise class if one were available on the scheme. A further 28 indicated that they may attend. The 
results from this questionnaire suggest that as many as 39% of participants would attend an exercise class 
and sheltered housing is uniquely positioned to easily deliver such preventative measures.
M iscellan eou s
Participants were asked if there had ever been a fire in their home, 4 (7%) acknowledged that there had 
but all commented that the fire was only ‘small’. In addition 7 (13%) commented they had left gas 
appliances on by mistake during the previous year, at an average of 1.6 times during the year. Two of 
the 4 who admitted to having a fire had also left a gas appliance on by mistake. However, the sample 
size is insufficient to draw decisive conclusions.
The colour of the alarm unit was not important with only 13 (24%) indicating a preference. A variety of 
colours were suggested with white (4, 31%) and black (3, 23%) being the most popular.
Appendix
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Appendix A3.4
A few weeks ago I visited as many of you as I could to talk about 
your alarm system. You may remember that I also wanted to 
know about what you want from it in the future. All the results 
have now been analysed and given to the Council so they can 
make a decision about the project here.
In total 176 of you were seen and am grateful for your time, for 
those I was unable to contact please accept my apologies.
Do you like having your alarm?!
definitely really
As you can see the majority 
of you are very happy with 
the system. However, like 
me, you believe that more 
could be done to help you if 
you had the misfortune of 
having a problem.
Many of you thought that having a pendant could help, with 76% 
requesting one. Three different types were available and most 
ladies choose the type that would fit around your wrist. Most 
men opted for the brooch type that can clip onto a belt or jumper.
Let’s hope you remember to 
wear them otherwise they 
won’t be able to help you!
150
100
50
0
105?
29
) LIP W
Pendant Just pull Just a 
and pull cad s  pendant 
cads
The number of people who want a pendant, 
pull cords or both?
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Part of the project I am involved in is concerned with the 
introduction of new features to your alarms and you may 
remember we went through a number of different possibilities. 
Your order of preference is:
1. Being able to see who is at the main door to the block on your 
television.
2. Automatically detecting if you were to fall over and needed 
help. The alarm system would then contact the warden or 
Careline centre for you.
3. Automatically detecting if you were unable to get out of your 
chair or bath, again the warden or Careline centre would be 
automatically contacted for you.
4. The medical unit that would measure your heart rate, blood 
pressure and other parameters for you and contact the doctor if 
there was a problem.
5. Being able to see the warden, your doctor and others on your 
own television as well as speaking to them.
6. Automatically turning the lights on and off for you at night so 
you wouldn’t need to use the light switch.
This is what you decided and we can therefore concentrate our 
research efforts on developing what the majority of you want. 
Only 2 out of the whole 176 people asked were not interested in 
any of these.
162 of you wanted to stay here for as long as possible, hopefully 
in the not too distant future we will be able to offer you some of 
these improvements.
Thank you once again for your time and
‘^llBlTy^ChristmaS^5’
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Voluntary Boots Questionnaire
1. Are you a
□Home owner □Tenant □Other
2. How many people live in your home?
3. Do you have a home security/burglar alarm system?
□  □  □Yes No Maybe in the future
Assuming there is a need for a community alarm:
4. Would you be in favour of lifestyle monitoring, detecting uncharacteristic 
behaviour?
□ □ □ PYes Perhaps No Don’t know
5. In which rooms would you accept a camera in a Passive Infrared (PIR) 
Sensor? (not including videoconferencing)
□  □  □  □Living room Kitchen Hall Bathroom >cEoBedr om
6. Would you want an automatic fall sensor?
□  □  □Yes Perhaps No □Don’t know
7. Would regular health measuring be of interest to you, measuring ECG, blood 
pressure, breathing characteristics etc?□ □ □ □Yes Perhaps If doctor decided No
8. Would you be equally happy to have a virtual consultation or a physical 
consultation with the doctor for routine consultations?
□  □  □  □Yes Perhaps If doctor decided No
9. Would you like to videoconference with other people rather than just using 
speech on the telephone?
□  □  □  □Yes Perhaps No Don’t know
10. How much would you be prepaid to pay for such a service? (all equipment, 
lifestyle, fall detection etc.)
a) One off payment for equipment___________
b) Weekly monitoring___________
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Name____________________
1. Does the alarm system you carry meet your requirements?
□  □  □  □
Most o f the time Some of the time No, not really No
2. Improvements______
3. In your opinion are the residents happy with the alarm, pull cords/pendants 
they have?
□  □  □  □
Yes Most of the time No, not really No
4. In your opinion are the pull cords an effective way for the residents to call for 
help?
□  □  □  □
Yes Most of the time No, not really No
5. In your opinion are the pendants an effective way for residents to call for help?
□  □  □  □
Yes Most of the time No, not really No
6. In a 5 day week and based on 40 users, how many times would the alarm be
activated during office hours_________, during non office hours_________
7. In a 5 day week and based on 40 users, how many times would the alarm be of
no use, i.e. pull cords out of reach, unconscious, during office hours______, during
non office hours___
The Wardens Questionnaire
8. Would you be in favour of residents having lifestyle monitoring?
□  □  □
Yes No Don’t Know
9. In general would you like to see residents having the medical monitoring?□  n □  □
Yes No Only certain residents Don’t know
10. In general would you like to see residents having an automatic fall sensor?
□  □  □  □
Yes No Only certain residents Don’ t know
11. When talking through the intercom would you like to be able to see residents 
as well?
□  □  □  □
Yes No Only certain residents Don’t know
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12. Would you be in favour of the door entry system incorporating a video 
camera, so residents could see and hear who is at the main front door?
□  □  □  □Yes No Perhaps Don’t know
13. Would you like the door entry system to default to Careline so they can open 
the door to the emergency services and anyone else when you are off duty?□  □  □  □Yes No Perhaps Don’t know
14. Out of these categories which would you say the majority of residents voted 
for:
□  □  □Just a pendant Pendant and pull cords Just pull cords
15. In these examples would the majority of residents use the alarm or the 
telephone?
□  □  □  □  □Fire Ambulance Police GP Repairs
16. Regarding lifestyle monitoring, which category do you think the majority of 
residents voted for:
□  □  □  □  □Yes, definitely Yes, probably Probably not No Don’t know
17. Regarding computer generated speech before contacting the warden/control 
centre, which category do you think the majority of residents voted for:□ □ □ □Yes No Perhaps Don’t know
18. Regarding the medical monitoring unit, which category do you think the 
majority of residents voted for:
□  □  □  □Yes No Perhaps If doctor decided
19. Regarding an automatic fall sensor, what category do you think the majority 
of residents voted for:
□  □  □  □Yes No Perhaps Don’t know
20. Regarding storing the lifestyle monitoring data, what category do you think 
the majority of residents voted for:
□  □  □  □Yes No If GP thought wise Don’t know
21. Regarding storing the medical monitoring data, what category do you think 
the majority of residents voted for:
□  □  □  □Yes No If GP thought wise Don’t know
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22. Regarding storing the automatic fall monitoring data what category do you 
think the majority of residents voted for:
□ □ □ □Yes No If GP thought wise Don’t know
23. When asking residents if they would like to be able to see and speak to their 
GP and you through the intercom, what category do you think the majority of 
residents voted for:
□  □  □  □  □Yes, all of the time Yes, most cases In some cases Not really No
24. When asking residents if they would like to let their GP and you see and speak 
to them through the television, what category do you think the majority of 
residents voted for:
□  □  □  □Yes, definitely Probably No Don’t know
25. When asking residents 4 Are you satisfied with the time it takes Careline to 
answer a call?’, what category do you think the majority of residents voted for:
□  □  □  □  □Always satisfied Norm sat Occasionally sat Sometimesaissatisfied Always diss
Appendix.
26. When asking residents ‘If an exercise class were available here for free would 
you attend?’, what category do you think the majority of residents voted for:
□Yes, definitely □Yes, probably □Might □No
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The Control Centres Questionnaire
Name____________________
1. In your opinion are the pull cords an effective way for the residents to call for 
help?
□  □  □  □Yes Most of the time No, not really No
2. In your opinion are the pendants an effective way for residents to call for help?
□  □  □  □  □Only if worn Yes Most of the time No, not really No
3. How would you rate the warden service?
□  □  □  □  □  □Invaluable Very good Good Satisfactory Poor Unnecessary
4. How would you rate the ease and quality of communication with the residents at 
Pemberley Road?
□  □  □  □Excellent Very good Good Satisfactory Poor
5. In your experience what percentage of residents would use the alarm rather 
than use the telephone when contacting the:
□  □  □  □  □Fire brigade Ambulance Police GP Repairs
6. Would you be in favour of lifestyle monitoring, therefore if a person did not 
move for an unusual length of time this would be recognised. Upon recognition a 
computer generated message would be heard in the residents home and if they 
responded to this, i.e. woke up and cancelled the alarm you would not be 
contacted. Alternatively, if they could not respond i.e. were unable to move from 
the chair/bath then you would be contacted.
□  □  □Yes No Don’t know
7. In general would you like to see residents having medical monitoring. Residents 
would use a simple medical unit, that could measure blood pressure, pulse, heart 
rate, temperature and breathing characteristics. When used, say weekly, it would 
compare the measurements with GP defined parameters and raise an alarm if 
there was a problem. The parameters set would mean that if outside of these, the 
GP should be contacted?
□  □  □  □Yes No Only certain residents Don’t know
8. In general would you like to see residents having an automatic fall sensor, 
therefore when someone falls and are unable to get up on their own, an alarm 
would be raised?□  □  □  □Yes No Only certain residents Don’t know
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9. Would you be in favour of the Pemberley Road main door entry system having 
a video camera. The picture could then be available to you on your computer 
screen, so you could let in the emergency services and visitors when wardens are 
off duty?
□  □  □  □  □Yes No Perhaps Don’t know Only the emergency services
10. When talking through the intercom would you like to be able to see residents 
as well?
□  □  □  □Yes No Only certain residents Don’t know
11. When asking the residents ‘Are you happy with the alarm, pull cords/pendants 
you have?’ which category do you think the majority voted for:?
□  □  □  □Yes Most of the time No, not really No
12. When asking the residents ‘Which system would you prefer?’ which do you 
think the majority voted for:?
□  □  □Just a pendant Pendant and pull cords Just pull cords
13. When asking the residents ‘Do you want lifestyle monitoring?’ which do you 
think the majority voted for:?
□  □  □  □  □Yes, definitely Yes, probably Probably not No Don’t know
14. When asking the residents ‘Do you want a medical monitoring unit?’ which 
category do you think the majority voted for:?
□  □  □  □Yes No Perhaps If doctor decided
15. When asking the residents ‘Do you want an automatic fall sensor? which 
category do you think the majority voted for:?
□  □  □  □Yes No Perhaps Don’t know
16. When asking the residents ‘Can we keep a record and store the lifestyle 
monitoring information?’ which category do you think the majority voted for:?
□  □  □  □Yes No Perhaps Don’t know
17. When asking the residents ‘Can we store the medical monitoring 
measurements?’ which category do you think the majority voted for:?□  □  □  □Yes No Perhaps Don’t know
18. When asking the residents ‘Can we keep a record of when you fall?’ which 
category doyou think the majority voted for:?□  □  □  □Yes No Perhaps Don’t know
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19. When asking the residents ‘Would you like to be able to speak to and see, 
through your television, the control centre operator, GP and warden?’ which 
category do you think the majority voted for:?
□  □  □  □  □Yes, all of the time Yes, most cases In some cases Not really No
Appendix
20. When asking the residents ‘Would you like to be able to see who’s at the main 
door on your television and speak to them, before letting them in? which category 
do you think the majority voted for:?
□  □  □Yes No Don’t know
21. When asking the residents ‘Would you like to be able to let the GP, control 
centre operator or warden see you (i.e. operator could see older person) on their 
screen as well as you seeing them on your television?’ which category do you think 
the majority voted for:?
□  □  □  □Yes, definitely Probably No Don’t know
22. When asking the residents ‘How satisfied are you with the time it takes 
Careline to answer your call?’ which category do you think the majority voted 
for:? □ □ □ □ □Always satisfied Norm sat Occasionally sat Sometimes dissatisfied Always diss
23. When asking the residents ‘If an exercise class were available here for free, 
would you attend?’ which category do you think the majority voted for:?□ □ □ □Yes, definitely Yes, probably Might No
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The Government Information Strategy
T h e  G o v e r n m e n t’s in fo rm a tio n  stra teg y  is  rep rod u ced  b e lo w 13341.
■  ‘the short-term (October 1998 -  March 2000), which will see introduction of initial, highest 
priority, deliverables including:
- ensuring the NHS copes with the millennium (Year 2000) problem.
- developing initial costed Local Implementation Strategies and (agreeing them with Regional 
Offices).
- completion of essential infrastructure.
- connecting all computerised GP practices to NHSnet.
- offering NHS Direct services to the whole population.
- completing the national NHS email project.
- establishing local Health Informatics Services.
- completion of the cancer information strategy.
-beacon EHR (Electronic Health Records) sites complete plans.
■  the medium-term (April 2000 -  March 2002), where clinical systems will begin to be more widely 
implemented. The following are key targets:
- 35% of all acute hospitals to have implemented a Level 3 EPR33.
- substantial progress in implementing integrated primary care and community EPR’s in 25% of 
Health Authorities.
- use o f NHSnet for appointment booking, referrals, radiology and laboratory requests/results 
in all parts of the country.
- community prescribing with electronic links to GPs and the Prescription Pricing Authority.
- telemedicine and telecare options considered routinely in all Health Improvement.
Programmes.
- a National Electronic Library for Health accessible through local intranets in all NHS 
organisations.
33 T h is  le v e l  o f  E P R  w ill  require ea c h  acu te  h o sp ita l to  h a v e  an in tegrated  p a tien t m a ster  in d e x , patien t 
a d m in stra tion  and d ep artm ental sy s te m s , p lu s  e le c tr o n ic  c lin ic a l orders, re su lts  rep ortin g , p rescrib in g  
and m u lt i-p r o fe ss io n a l care p ath w ays.
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- inform ation stra teg ies as a p pro p ria te  to  underpin co m p le ted  N ation a l Serv ice F ram ew orks.
- B eacon EH R sites  have an in itia l f i r s t  genera tion  EH R in operation .
■  the lon g er-term  (A pril 2002  -  M arch  2 005 ) which sees  the w id e r  a va ila b ility  o f  E lec tron ic  H ealth  
R eco rd s  sh a red  a cro ss care sec to rs  an d  achievem ent o f  the fo llo w in g  targets:
- fu ll im plem entation  a t p r im a ry  care  leve l o f  f ir s t  gen era tion  p e rso n -b a se d  E lectron ic  H ealth  
R ecords.
- a ll acu te h osp ita ls with L evel 3 EPRs.
- the elec tron ic  transfer o f  p a tien t reco rd s  betw een GPs.
- 24  hour em ergency care a ccess to p a tien t record s.’
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2nd Generation Data Flow Diagrams
The structure of the 2nd generation system is defined in Fig A5.1.1. It begins with a telecare system 
being installed in a users home and once successfully completed monitoring can commence. If the home 
based system considers that there is an emergency situation then this can be verified through the IHAS 
with the warden, control centre or health zone being contacted if assistance is required. These external 
entities can also be contacted directly by the user if they so wish. Other calls from the users home to the 
control centre are to:
■ Access the EPR: either because the user wishes to view their details or carers, home helps, nurses or 
the GP enter the actions they have performed when at the users home.
■  Equipment calls and warden logs: these ensure that equipment is working correctly and can be used 
for accountability purposes.
■ Warden scheme default: for users living on warden schemes the warden is the first point of contact, 
however if they are unable to respond the control centre is contacted by default.
A significant enhancement is the improved information available in the system as every professional 
interaction is entered into the users EPR. In the current system identified in Chapter 4, when the warden 
provided assistance this information remained with the warden and was lost to other professionals.
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However, Fig A5.1.1 reveals that this information is now entered into the users EPR and may therefore 
assist others.
If a users EPR is amended and the change impacts upon the users home equipment then the home must 
be updated with the relevant changes. Such a change may be a new GP surgery phone number, or a 
change in the drug regime for the drug dispenser. These changes are facilitated through process 6. Fig 
A5.1.1 indicates that process 6 is only accessible through the control centre and this is due to EPR’s 
being stored here. The health zone access EPR’s by connecting to the control centre, therefore ensuring 
that there is only once instance of each users details.
Each process defined in Fig A5.1.1 is developed in more detail below.
P rocess 1: ‘2nd gen era tion  te lecare  system  in s ta lled ’
Fig A5.1.2 indicates that the process of acquiring a 2nd generation telecare system is almost identical to 
the present system identified in Chapter 4. It would be anticipated that more users would acquire the 2nd 
generation telecare system through hospital discharge but the process would not change. The only 
deviation is with the assessment, the purpose of the assessment in the present system is to decide whether 
the potential user should receive a community alarm or not. In the 2nd generation system this 
fundamental decision must be made, but if a user is to benefit from a telecare system, the level and any 
particular modules that would be beneficial, such as water detection or a drug dispenser, must be 
identified.
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Figure A5.1.2: P rocess 1 ‘2 nd genera tion  te lecare  system  in s ta lled ’ a t leve l 1
In the present system any long-term illnesses or medication information was obtained during a user 
survey and the survey is still performed in the 2nd generation system. However, the data is entered 
directly into the EPR as the information is gathered in the users home, therefore simplifying the process.
The amount of data gathered is also reduced as the 2nd generation system generates considerable amounts
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of data itself and therefore is not reliant on user information that may be inaccurate or become dated. 
When the system has been successfully installed monitoring can commence.
P rocess  2: ‘U sers h o m e’
Process 2 is developed further in Fig A5.1.3. The ‘provide assistance’ input originates from the health 
zone and entails advice and assistance. Part of the assistance could be in the form of a virtual 
consultation and process 2.1 must identify when a videoconferencing call is received from the GP or 
virtual neighbourhood and facilitate this. Videoconferencing can also be an output from the home when 
the user wishes to communicate with others on the virtual neighbourhood. When the EPR at the control 
centre is amended and changes impact upon the home, process 2.1 must recognise and implement the 
changes. Appropriate security must be in place to ensure that the control centre gave authority for the 
changes.
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Figure A5.1.3: P rocess  2 ‘U sers h o m e’ a t le ve l 1
Whichever level of system a user has installed in their home, it will continuously monitor parameters for 
situations that require external assistance. If process 2.1 considers a situation requires further 
investigation then conformation can be sought from the user in process 2.2. If no assistance is required 
then this should be recorded in the EPR in process 2.4 and arrangements made to reduce the possibility 
of the same ‘false’ alarm occurring again.
As previously indicated when carers and home helps perform their duties in the users home a record 
should be kept of the actual tasks they completed and the time they arrive and depart. The EPR at the 
control centre can then be updated and the safety of staff monitored. In a similar fashion GP’s can edit 
the EPR to change parameters during a home visit. However, in order to access the EPR the professional 
involved should be validated in process 2.5. This ensures that the professional concerned has access to
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the information and also identifies which sections of data can be viewed and edited. The requirements of 
the GP is notably different when compared to a carer and thus information that does not assist a 
professional should be kept confidential. Process 2.6 allows amendments and data to be added.
Process 2.7 enables contact to be made with external entities and is accessed either by the home based 
system defining an emergency, a request to access the control centre EPR, or the user initiates an alarm 
call with this being achieved in one of two ways:
1. Pendant or pullcord activation: The user activates an emergency alarm and the home based system 
had not recognised the user required assistance.
2. Information request: The user does not require urgent attention but requests information, for 
example a request for information on service charges or an enquiry on the whereabouts of a carer.
Process 2.7 will decide who to contact and act accordingly for example, if the medical monitoring 
module indicates that the GP should be informed process 2.7 will identify the telephone number of the 
surgery and organise the data in a suitable format for the surgery to understand. The alternative point of 
contact is the control centre who requires the nature of the call to be identified in the header of the call, 
thus ensuring the prioritising of calls. Process 2.8 will connect and send the appropriate information.
P rocess 3: ‘W arden ’
The 2nd generation telecare system does not alter the way in which the warden works. However, it is 
suggested that when assistance has been provided or an alarm responded to, the reason for the alarm and 
any action taken be entered into the users EPR. As such processes 2.5 to 2.8 identified in Fig A5.1.3 also 
occur for the warden who will access the EPR and provide information after it has been confirmed they 
have authority to access the record.
P rocess 4: ‘C on tro l cen tre /socia l serv ices  ’
Process 4 is developed in Fig A5.1.4, where it can be seen that process 4.1 will monitor incoming calls 
and respond accordingly. Any calls that require an operator will be continually reviewed so that those 
calls with the greatest priority are answered first. The different call types which process 4.1 must 
identify are:
E quipm ent lo g : Every time a users EPR is modified in the home, or at defined times if this does not 
occur, the control centre will be contacted and the user EPR updated with the most accurate information. 
If a users EPR is not updated within the defined time process 4.1 identifies the user and generates a fault 
report from which the engineers can arrange access and maintain the equipment.
W arden lo g : In a similar fashion to the present system when wardens log on and off duty this is again 
recorded for accountability purposes in process 4.4.
R equ est to access  EPR: The GP or hospital can access the EPR and having viewed the information or 
amended any fields the changes made are stored. This is performed by process 4.1 and if the changes
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affect the home, for example changes in the drug regime then the EPR stored at the home can be changed 
in process 6.
The types of call identified above all occur without operator involvement, while those identified below 
will necessitate the assistance of the operator.
E m ergency action: The fire, security and medical monitoring module can result in an immediate call for 
assistance from the emergency services. Due to the current legislative arrangements such calls cannot go 
directly to these services without the operator ensuring that their presence is required. This check is 
made in process 4.5 and the appropriate service is contacted in process 4.6. Details of the action taken 
are relayed to the user and the call is closed down. This entails entering what action was taken and any 
further details that may be appropriate. Once the call is closed the operator can answer any further calls 
that may be waiting a response.
A d vice  a n d  assistan ce: Process 4.1 will maintain a list of the next call to answer and the operator can 
only respond to the call with the highest priority. There are a variety of types of call, user telephone call, 
incontinence etc. but whatever the type of call the processes are the same. The operator will firstly 
identify the reason for the call in process 4.7 and then decide on the appropriate action to take. If no 
assistance is required from other services then the call can be answered and closed. While where 
additional services are required such as, the GP, out-of-hours centre, or responder, then these can be 
contacted in process 4.9 and the call closed in process 4.8.
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P rocess 5: ‘H ealth  zone ’
The health zone consists of the GP surgery and hospital. The GP surgery process is developed in Fig 
A5.1.5 and when contacted the system must recognise if the call originates from the medical monitoring 
module or the user. If the call contains data then this must be analysed by the GP, however if the GP 
fails to analyse the data prior to leaving the surgery then process 5.2 must gather together any calls that 
require immediate medical attention and contact the control centre. Non critical calls are stored and the 
GP can respond to these when they are next available; the user should be informed of the current 
position.
When the GP analyses the data from the medical monitoring module it is recognised that not all of the 
users medical history will be available on the EPR. The GP may have there own computerised or paper 
based information system that can be used to provide additional information. Process 5.2 indicates that 
having analysed the data the GP can:
1. Decide that no action needs to be taken. The user should be informed.
2. Alter the medical monitoring parameters in the users home. The user should be informed of the 
action taken.
3. Request a consultation, either virtual or physical.
4. Admit the user to hospital.
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Figure A5.1.5: P rocess  5  ‘H ealth  z o n e ’ a t leve l 1
Process 5.5 suggests the use of virtual consultations and these can be achieved as a direct result of the 
users medical monitoring module, or an organised appointment replacing a home visit or previously 
surgery based consultation. To enable the efficient use of the GP’s time these consultations are 
organised by the receptionist in processes 5.7 and 5.8.
In addition to the medical monitoring module as an input to Process 5.1 the user may contact the surgery 
directly. The purpose of this is to arrange a consultation or to seek advice on medication for example. 
The user may perform this through the video conferencing equipment or by a standard telephone. The 
receptionist will respond to such calls and should do so in the same communication format if possible.
Process 5.3 indicates hospital admittance and for every user admitted to hospital the EPR can be analysed 
and the appropriate personal and medical information easily obtained. Appropriate security procedures 
should be in place and the EPR should be updated so as to indicate that the user has been admitted. Any 
care arrangements can then be cancelled while the user is in hospital. When the user is discharged in 
process 5.4 the care arrangements can be reinstated along with any changes in the care plan that may 
have been arranged. The discharge summary can also be entered into the EPR, while the action 
undertaken by the hospital during the stay will be entered into the EPR and immediately available to the
Arrangements for nurse virtual consultations are performed outside of the GP surgery and arranged 
independently by the nurse. Details of the consultation however are entered into the EPR so a record can 
be kept and available to the GP and hospital.
GP.
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P rocess  6: ‘H om e EPR  a lte ra tio n s’
Changes to the drug regime, control centre or surgery telephone numbers etc. requires the users home 
EPR to be modified. Fig A5.1.6 indicates the process required and begins with conformation that the 
caller has the authority to access the EPR and modify fields. If authority is not given then process 6.1 
should terminate the call informing the person who tried to modify the EPR that they were unsuccessful.
Having successfully gained access to the EPR the appropriate fields can be updated along with any 
modules that require changes. The affect of the changes and the individual who made them can be stored 
on the EPR and the call terminated. Conformation of the successful update should be provided to the 
caller.
6.3 \
Update any specific — updated users hornet- 
modules needed /
dose access
EPR
Figure A5.1.6: P rocess  5  ‘H om e EPR a lte ra tio n s’ a t leve l 1
286
Appendix A5.2
Appendix
Function
Major
System
Elements
Module
Process
Module
Process
3rd Generation Functional Requirements
■ Support independent living.
■ Provide 24-hour medical monitoring where required.
* Enable early diagnosis of medical problems.
■ Enable early diagnosis of physical problems.
■ Enhance and interact with the 2nd generation equipment.
■ Provide greater relevant information for those who require it.
■ Provide diagnosis support.
Com ponents of 2nd generation system.
Lifestyle monitoring.
Security.
W eight detection.
Drug dispenser.
Medical band.
Distance support.
Intelligent Home Alarm System (IHAS).
Components of 2nd generation system.
Unless specifically discussed below all of the modules suggested in the 2nd generation system are 
available in the 3 rd generation system and work in the same way. Improvements in accuracy, size or 
speed are expected to take place but the basic mode of operation is the sam e as that previously 
identified.
Lifestyle monitoring.
In addition to the functions performed by this module in the 2nd generation system, performance is 
improved and greater amounts of data are obtained. The, 3 rd generation system will allow two or more 
users to be monitored individually without each user having to wear a  device that differentiates 
between various users. Instead of general movement being detected, the actual movement of each 
user is now monitored. This enables a greater degree of accuracy and also enables the distance 
walked to be calculated and analysed. The information should be entered in the EPR. If the user 
leaves their home then this should be noted and any analysis of trends on that day ignored. This is 
because the user may walk more if for example they are putting their shopping away, or less due to 
being tired after going for a walk, the information is not accurate and should therefore be ignored. If 
the distance walked shows a continued decline then the G P should be informed.
A users gait (distance of step when walking11921) should be m easured in at least one room in the house. 
For each user in the home the gait reading should be stored in the EPR  so that the average gait for 
that day is recorded and a list of recent days compiled. If a user changes to a three pole gait, i.e. is 
using a walking stick, then this must be recognised and readings recorded and analysed when the 
user is walking with or without the walking aid.
If the home contains stairs then the number of times the user climbs the stairs should be recorded in 
the EPR, and any significant change investigated. Measuring the time it takes to climb the stairs is not 
considered 3s users may be doing exercises on the stairs, stop because the telephone rings, or go 
slowly because they are cleaning. All these would greatly affect the accuracy of such monitoring and 
is not therefore considered.
User control.
Virtual GP/neighbourhood. 
GP surgery.
Pharmacist.
EPR.
Control centre.
Hospital Health Services.
287
Inputs 
Outputs 
Major error
Exception
Current
status
M odu le
Inputs 
Outputs 
Major error
Exception
Current
status
Appendix
In order to reduce the number of false alarms when it would have been expected a user had gone to 
bed, but they are watching a rescheduled favourite television programme; the module should have 
access to the real-time television listings and recognise that an alarm should not be generated in such 
circumstances. The module must recognise that the television is turned on and that the user is in the 
room where the television is located.
The module should quantify the actual amount of time users spend sleeping. It must differentiate 
between a user in bed reading, resting or sleeping. The EPR  should maintain a  list of the amount of 
time users spend sleeping and deviations can be investigated as can changes in the times users go to 
sleep.
User activity. Tim e (system clock).
EPR. IHAS. Control centre. GP surgery for changes in the gait measurement.
Unable to measure gait. Unable to distinguish between visitors and different users in the same room. 
Unable to access the EPR or communicate with the IHAS.
The module must be given a period of time to resolve itself. If after this time the fault still exists the 
user should be informed through the IHAS. The user should only be informed if it is recognised that 
the user is not asleep in bed, that guests are not present and that at least one able user is in the home 
(i.e. if the user is severely disabled the system should only be informed when another adult is present).
If the fault continues to exist a fault report should be generated, the control centre contacted and the 
user informed.
Acoustic signature and video cam era’s could both be possibilities, however developments would be 
necessary to m eet all of the requirements. Gait analysis has been achieved by wearing a device 
above the knee'1931, but acceptance would be questionable. Force plates on the floor and camera 
systems11921 can be used but cost could be inhibiting on a large scale.
Security.
In the 2nd generation system access to the EPR from the users home was only allowed for the user, 
carer, home help, nurse and GP. Access should now be increased to any professional interacting with 
the user in their home. Appropriate security must be in place to ensure authorised access is granted 
and only the information relevant to the professional concerned can be viewed and edited.
If no one is in the home and the front/back door is used to gain access then verification of that person 
should be sought. If it is a  user or they have authority to be in the home then this should be 
recognised by the lifestyle monitoring module and no action taken. However, if the person is not 
recognised then the security module must seek conformation that they have authority to be in the 
home. Having used iris recognition, smart card or a pin number for example, these details should be 
validated and if the person is not recognised then the control centre should be contacted so the 
operator can assist the person or contact the police.
W here cam eras are used either on the front door or within the home then a picture of the intruder 
should be taken and provided to the police.
W here someone without authorisation has tried to view a users EPR  then the control centre should be 
informed. If the problem persists they may require assistance from the police to investigate the matter. 
Movement in the home. Use of security equipment, iris recognition etc.
Control centre.
Unable to communicate with IHAS. Unable to detect movement and recognise users or intruders. 
Unable to verify visitors with iris recognition etc. Unable to provide the control centre with a  picture of 
the intruder.
The exception response is the same as that identified for the lifestyle monitoring module.
The 2nd generation security module explained that the equipment needed to meet these requirements 
exists. Nevertheless, the individual elements would need to be brought together.
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Module Weight detection.
Process At approximately the same time each day a users weight should be measured and recorded in the 
EPR. If the user is not in a  position to be weighed at the normal time, then no reading should be taken 
for that date. If the weight, as defined by a GP, changes significantly within a  short time scale then the 
user should be informed through the IHAS that the G P  will be contacted. The IHAS should only inform 
the user if guests are not present and the user is not asleep in bed. Cancellation of the call should be 
provided.
Inputs 
Outputs 
Major error
User. Tim e (system clock).
EPR. IHAS. Ultimately the GP.
Unable to successfully recognise a user and m easure their weight. Unable to communicate with the 
IHAS and ultimately the GP.
Exception
Current
The exception response is the same as that identified for the lifestyle monitoring module.
W eight detection through pressure sensors or force plates is available and could be used to meet the
status requirements of this module. Another possibility would be to m easure weight when the user is sitting 
on the toilet seat and is currently being investigated in Japan14291.
Module Drug dispenser.
Reminders are necessary if the user forgets to take their medication and should only occur when it is 
recognised that the actual user is in the home and guests are not present. If however the time 
medication is taken is of a  critical nature, then a reminder should be given irrespective of the presence 
of guests.
Inputs 
Outputs 
Major error 
Exception 
Current
The EPR should indicate if a repeat prescription is or may be required and by determining how many 
tablets or how much syrup was initially installed and the amount dispensed, an automatic alert can be 
sent to the GP prior to medication running out. Tablets and syrups should be stored in a standard 
sized cartridge provided by the pharmacist which store data on what tablet/syrup is in the cartridge, 
when to dispense, if the time of dispensing is critical, in what quantities to dispense, how many 
tablets/amount were originally stored in the cartridge and might a  repeat prescription be required. 
W hen the cartridge is installed into the drug dispenser the EPR  can be updated.
User taking medication. Recognition of an installed cartridge. EPR.
Dispensing of medication. EPR. Reminder to take medication.
Unable to dispense medication. Unable to communicate with IHAS and EPR.
The exception response is the same as that identified for the lifestyle monitoring module.
It would appear that no device currently exists that meets these requirements, however with the
status present state of technology an effective device could be produced.
Module Medical Band.
Process It is envisaged that the stand-alone medical monitoring unit will be developed to measure additional 
parameters with improved accuracy. An alternative option will be a medical band perhaps worn on the 
wrist or over the chest like a vest, which allows continuous monitoring 24  hours a day. In the EPR the 
GP will define the minimum users should wear the band and therefore users will be reminded through 
the IHAS if they fall below the requirements. Reminders taking place when the user is in the home 
without guests being present.
W here there are two or more users of the stand-alone equipment in the home only one device is 
required but it must distinguish between users. Users of the medical band require their own device, as 
monitoring may be required 24 hours a day for each user.
If a user is outside of defined parameters the IHAS should be informed. A call can then be 
automatically m ade to the GP or out-of-hours medical centre (if the alert is raised after surgery hours), 
assuming the user does not cancel the call. At approximately the same time each day the medical 
band should download the data it has gathered, showing the average, highest and lowest readings for
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each parameter. This information should be stored in the EPR. If however, the medical band detects 
a situation that may require immediate medical attention then the I HAS should be immediately 
informed. W here immediate medical attention is required the surgery or out-of-hours medical centre 
are contacted depending on the time of day. The module should also detect when the user may be 
suffering from minor illness and therefore enable friends and family to be contacted to provide support.
W hen outside of the home the medical band should only raise an alarm if immediate medical attention 
may be required, communicating through the distance support module.
W henever the parameters being measured in the EPR  are am ended by the G P the IHAS should 
inform the medical band of the new parameters.
User. EPR amendments.
IHAS or distance support. EPR. GP or control centre.
Unable to monitor medical parameters. Unable to communicate with the IHAS, distance support or 
EPR modules.
The exception response is the same as that identified for the lifestyle monitoring module.
No system is currently available although the intelligent vest14301 has been discussed and a medical 
band produced by 1ST'2171 is being marketed in the UK by Vivatec12801. 1ST suggests that it monitors the 
general physical activity of the wearer together with pulse rate and temperature12171 but there are no 
results from a large scale field trial14311 so it is unclear how successful this device actually is. 
Communication between the medical band and the distance support module can be achieved through 
Bluetooth12951 etc.
Distance support.
In addition to providing a secure and safe home environment consideration must also be given when 
users are outside of this environment. The distance support module will communicate with the 
medical band and contact the control centre when assistance is needed away from the home. This 
module will also allow the user to activate a call for assistance themselves and once activated the 
control centre will be contacted. The detection of falls is not required as the medical band may detect 
these, while passers by could provide assistance. A cancellation button is not provided to ensure that 
muggers cannot cancel a  call for help.
Once activated full-duplex speech should be provided and the location of the user indicated on the 
control centre operators screen. Mobile wardens, carers, police or ambulance can then be contacted 
and assistance provided.
The module should continuously test itself so that it is known if there is a malfunction. If there is then 
the IHAS should be informed when the equipment is in the home. The IHAS can then communicate 
with the user to alleviate the problem defaulting to the control centre if the problem cannot be resolved. 
User activation. Medical band.
Control centre. IHAS if there is a malfunction.
Unable to activate a user call for assistance or communicate with the medical band. Unable to contact 
the control centre when required and facilitate full-duplex communication. Unable to communicate 
with the IHAS.
The exception response is the same as that identified for the lifestyle monitoring module.
SAFE 21, Social Alarms For Europe in the 21st century12231, the Universities of Northumbria, Dundee 
and Bristol14321 are developing a mobile phone that will contact a control centre when an emergency 
button is pressed, using Global Positioning System (G PS) to provide the position of the caller. 
Communicating with the medical band is not foreseen as a problem but the physical size of the 
equipment may be.
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Intelligent Home Alarm System (IHAS).
In addition to the functions of the IHAS in the 2nd generation system, this generation has an additional 
safety element. If the user activates a 'communication’ button (to ensure conversation with the IHAS 
and not other people in the home) then speech can be used to inform the IHAS of activities i.e. Mrs A 
may say “I’m going to Mr X ’s, I should be back by 1 1 The  IHAS should interpret this and repeat the 
instruction back to Mrs A in a meaningful way for verification, i.e. “Hope you have a nice time at Mr 
X ’s, I’ll anticipate your return at 11pm .” The IHAS should estimate if 11 refers to am or pm according 
to the time of day the instruction was given. The IHAS should also ensure that it has the telephone 
number of Mr X, asking the user for it if it necessary. If there are two or more Mr X ’s then 
conformation should be sought that the IHAS is referring to the correct Mr X. Through use of the 
lifestyle monitoring module the IHAS must recognise when the user leaves and if they do not ignore 
the instruction. Automatic speech recognition should be in the users native tongue.
If the user does not return some time after the stated time (11pm in this example) then the EPR  should 
be accessed for the telephone number of Mr X  and contact made. Using automatic speech 
recognition Mr X can then inform the IHAS that Mrs A has left, never arrived, or is still there. If Mrs A 
has left then the IHAS should give further time for Mrs A to return, if she fails to return then the control 
centre should be informed. If Mrs A never arrived then the IHAS should inform the control centre 
immediately with the time Mrs A left and details of the intended destination. If Mrs A is still at Mr X ’s 
home then additional time should be given before contacting Mr X again.
W hen the IHAS contacts Mr X the EPR should indicate the preferred language for Mr X, however if 
this is not present then the IHAS should use the language used by Mrs A. If this is not English then 
English should be used repeating each sentence spoken.
Som e users may find this feature a  comfort, while others may find it intrusive, however the user 
decides whether to use this feature.
For those people who suffer from burglaries and attacks where the telephone line is cut then the use 
of the mobile phone network should be available. Therefore, if any emergency is detected and a call 
cannot be made because a dial tone cannot be gained then the IHAS can switch to the mobile phone 
network.
The IHAS also provides the capability to contact some services directly as opposed to defaulting to the 
control centre. For example, calls requiring immediate medical attention that occur outside of surgery 
hours are directed to the out-of-hours medical centre. Responders and family can also be contacted 
directly as opposed to being routed throughout the control centre if the IHAS considers contact would 
be beneficial, for example when the medical band indicates the user may be suffering from the flue the 
IHAS can contact the family and inform them through speech synthesis. It is envisaged that calls to 
the emergency services will still require routing through the control centre due to the legislative 
position rather than any technical deficiency.
Communication with every home based module. Incoming voice/virtual communication including 
videoconferencing and automatic speech recognition of a  users whereabouts (M r X in the example 
above). Cancellation of a possible em ergency call.
Contact GP, control centre, family or friend, etc. Recorded/generated speech messages to 
users/visual communication for a user with hearing difficulties.
Unable to cancel an em ergency call. Unable to communicate with the user, other modules, or external 
organisations such as the control centre and G P  surgery.
The exception response is the sam e as that identified for the lifestyle monitoring module.
Discrete or single word speech recognition through the telephone system has proved successful in 
trails. Continuous, natural speech is currently not possible through the telephone system14331. For
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large vocabularies the accuracy of automatic speech recognition is unlikely to be above 87%  at 
present14341. As such, this may not be sufficient for speech communication with the IHAS. The  
accuracy for users with speech disorders is likely to reduce accuracy further as speech is often weak, 
slow or imprecise14351.
The use of speech synthesis with telephone messages is available and has proved to be 
successful11081.
User control.
Because of the lifestyle monitoring module the 2nd generation system did not require pullcords or the 
user to wear a pendant, however due to the time it took the lifestyle monitoring module to identify a 
situation, the pullcord or pendant activation was still required to obtain assistance quickly. This 3 rd 
generation system removes the requirement for the pullcord and pendant as the user can choose to 
activate a call for assistance through speech. By using a command word, the IHAS can be used to 
recognise that the user wishes to activate an alarm. Conformation can be sought and if necessary the 
control centre, GP etc. contacted.
The command word should be a word or phrase that is unlikely to be used in general conversation 
such as ‘wake up telecare system’. Through speech the user can then request the assistance of the 
control centre.
For users with speech disorders, the automatic speech recognition system may not be successful and 
the pullcords or pendant may still be required.
User activation of command word.
IHAS.
Unable to detect or recognise the command word. Unable to communicate with the IHAS.
The exception response is the sam e as that identified for the lifestyle monitoring module.
Requires automatic speech recognition and was discussed under the IHAS module.
Virtual GP/neighbourhood.
The concept introduced in the 2nd generation system is not altered in terms of its functions but 
operation is improved in the 3 rd generation system in two ways.
Video conferencing on a 1 -to-1 basis is replaced with video conferencing capable of accepting multiple 
users at the sam e time. Anyone can introduce people to the group by dialling their telephone number. 
If a  user is videoconferencing and someone else contacts them their details should be displayed on 
the screen. The user can then break off their current call and communicate with the new caller if they 
so wish.
The ease and quality of communication is also improved so that the user does not have to use a 
microphone positioned near to their mouth. Instead speech is detected anywhere in the room and any 
background noise removed.
An additional piece of data is also gathered, the number of times the video cam era is used. If a  user 
consistently uses the virtual neighbourhood and interacts with the same people, then if over time the 
number of calls too and received from these people declines then this should be stored on the EPR. A 
gradual decline may show signs of depression. If the telephone usage is not reduced over the same  
time period then this may indicate a lack of confidence in appearance. W hen a carer or the next 
assessment is performed then the reason for this can be investigated.
Through the virtual neighbourhood users should have access to physiotherapy and exercise schemes.
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For users near to the end of a physiotherapy course where it may be questionable whether or not they 
receive treatment, or users with similar conditions not requiring physical contact, physiotherapy can be 
given remotely. Clearly there will be many occasions where physical contact is required on a 1 -to-1 
basis and remote physiotherapy could not be used.
Small exercise groups through videoconferencing also allow users to maintain their physical well 
being. For both physiotherapy and exercise schemes the EPR can record that a session took place 
and for physiotherapy a report made on any progress.
A call received/made by the I HAS. A call received whilst conferencing with others. Activation of the 
users video camera.
Making a videoconferencing call. Physiotherapist records treatment in the users EPR.
Unable to contact users on the virtual neighbourhood and display their image. Unable to detect 
speech and siphon out background noise. Unable to communicate with IHAS. Unable to capture and 
display an image of the user.
The exception response is the same as that identified for the lifestyle monitoring module.
Technically it is possible to achieve the requirements of this module if there is a suitably fast 
transmission speed into the users home.
GP surgery.
When the GP receives an electronic call from a users IHAS the medical information provided should 
be analysed and an expert system suggest the cause and suitable treatment. The GP can then view 
the information and decide on the appropriate treatment or request a consultation. When the GP 
prescribes a treatment if this differs to the expert system then the GP must explain the reason for the 
difference in the users EPR. The expert system will then verify that the medication prescribed does 
not have adverse reactions with any other drugs the user may already receive. If there are potential 
difficulties then the GP can be informed and the process repeated.
User parameters outside of defined levels. EPR. Expert system.
Inform GP and ultimately the user of any action taken.
Unable to access or analyse the EPR.
The exception response is the same as that identified for the lifestyle monitoring module.
An expert system for monitoring psychiatric treatment has been created. It identifies deviations from 
established practice standards (covering the evaluation, diagnosis and treatment of psychiatric 
disorders) and issues information alerts about these events12941. It does not appear that an expert 
system that is up to date for general practice has been created.
Pharmacist.
When a prescription has been issued by the GP a central pharmacist database will be informed with 
the prescription and details of the user. For physical consultations a paper prescription can also be 
issued, for virtual consultations a paper prescription can be collected from the surgery if necessary 
although the majority of pharmacists should have access to the central pharmacist database and 
therefore the paper prescription is not required.
When the user tries to obtain their medication the pharmacist can validate the user through the 
security feature of the EPR, i.e. perhaps by using the iris or thumb print recognition. If someone else 
is seeking to obtain the medication on the users behalf then they should also use the recognition 
equipment so a record can be kept of the individual who obtained the medication. Upon the 
medication being given the users EPR should be updated with the time and date of this action. If it is 
discovered that the user did not receive the medication, perhaps because the cartridge was not 
installed in the drug dispenser, then the details of the person who received the medication can be 
kept. Whenever this person tries to receive medication from any pharmacist again the recognition 
equipment will be able to identify them and indicate that this individual took medication that a user 
never received. Action can then be taken to resolve the issue.
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For users with mobility problems it may be advantageous for the medication to be delivered directly to 
the users home.
GP prescription. Recognition of recipient of medication and comparison to ensure they have not 
previously taken medication that users never received.
Medication. EPR. Detain recipient if previously a user did not receive their medication.
Unable to access the database of prescriptions. Unable to detect an individual who should not be 
given medication. Unable to update the EPR that medication has been given. Unable to detect that a 
user has not received medication after it has been dispensed by the pharmacist.
The exception response is the same as that identified for the lifestyle monitoring module.
No such system exists, technically the functions could be delivered but communication between the 
relevant agencies is likely to be a stumbling block. In Japan some postmen deliver and receive 
payment for medication13481.
EPR.
The additional parameters introduced in the 3rd generation system should be stored in the same 
fashion as the EPR for the 2nd generation system, while it should also operate as previously identified. 
Amendments from all relevant home based modules. Amendments from the GP, social services, 
hospital and carers/home helps and all other professionals interacting with the user in their home. 
Secure accurate information for the IHAS. Social services, GP, out-of-hours medical centre, hospital 
and other professionals interacting with the user.
Unable to update/view any field. Unable to protect what each professional (carer, GP etc.) is allowed 
to view/update.
The exception response is the same as that identified for the lifestyle monitoring module.
Enhancements to the database would be trivial if the database was originally set up to anticipate 
additional fields and viewpoints.
Control centre.
If a user does not return home after the time indicated by the IHAS then the control centre will be 
contacted and the operator should contact a family member, responder or warden. The action taken 
should be recorded and if the user cannot be found a defined time latter then the operator should be 
informed again and the police contacted. The priority of the queuing system at the control centre 
should be:
1. Fire.
2. Gas.
3. Security.
4. Distance support.
5. Falls.
6. Lifestyle monitoring.
7. User activated emergency call.
8. Incontinence.
9. User telephone call.
10. User information enquiry.
11. Carer/home help failed to log on at the expected time.
12. User not returned home.
13. GP enquiry for EPR.
14. Hospital access to EPR.
15. Warden/carer log.
16. Failure to access the users home EPR*.
* The control centre is contacted when someone has tried to access the home EPR but does not have 
authority to do so. It may be necessary to investigate who tried to gain access.
The control centre operator and caller should be assisted with language support so that non-English
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speech is translated. Therefore, if a user spoke Indian, this module would translate the Indian into 
English for the operator and repeat the process for the caller, so they hear the operator in their own 
language.
As part of a contingency plan if one control centre is busy, perhaps due to a local fire or technical 
problem, a percentage of the calls should be re-routed to other control centres if they have spare 
capacity.
When the computer system at the control centre is not being utilised fully an expert system should 
interrogate the medical component of each clients EPR and analyse the medication people are on. If 
situations arise where medication has been repeated an unwise number of times without consultation 
or medicines have side effects which could be minimised with new drugs a list (with a maximum 
defined, so that doctors are not overwhelmed) should be compiled for each GP. If the GP does not 
access the record within a few days then the control centre should be informed to take further action.
The expert system must also regularly analyse each users EPR and estimate the probability of a fall. 
The distance walked in the home, gait measurements, number of times a user climbs the stairs, and 
the detection of falls can be added to other parameters such as the ADL score, gender, cognition, 
medical history, and vision14361 to indicate which users may experience a fall. Intervention can then be 
made with education and exercise or hip protectors.
EPR. Manual enquiries, emergency calls from the home. Warden/carer or other professional logging. 
Inform warden, carer/home help, family, key holder, emergency services or GP. Generate a fault 
report for engineers.
Unable to access EPR. Unable to receive/make telephone calls. Unable to analyse EPR’s. Unable to 
analyse records with the expert system.
The module must be given a period of time to resolve itself, if after this time the fault still exists then 
the operators should be informed and a parallel (backup) system automatically activated, defaulting to 
a separate control centre if the problem is significant and persists.
Call handling is available but the expert systems are not. Birmingham City Council has experimented 
with a language translation system but has not completed the project12401. It is unlikely that successful 
systems will be available until voice recognition becomes more accurate.
Hospital Health Services.
Automatically suspend services when a user is admitted to hospital and inform the control centre carer 
schedule prior to the anticipated discharge. In essence this module does not change, health care is 
provided when the community cannot provide the necessary support and attention, and continues in 
the hospital until the user can ‘safely’ re-enter the community.
User. EPR.
Contact family/friends. Halt/resume care package. Update the EPR with discharge summary and 
anticipated discharge date.
Unable to access the EPR.
The exception response is the same as that identified for the lifestyle monitoring module.
Available.
295
A p p e n d i x  A 5 .3
3rd Generation Data Flow Diagrams
The fundamental change to the telecare system was introduced in the 2nd generation system, this 3rd 
generation system enhances the abilities of the system but the communication within the system does not 
significantly alter. Fig A5.3.1 indicates that the process begins with the installation of the telecare 
system and once successfully completed monitoring of the user(s) commences. This monitoring 
continues until the users home identifies a situation where assistance may be required in process 2. 
Verification that assistance is actually required is sought in the majority of cases and the warden, control 
centre, health zone or responder are contacted to provide assistance.
Appendix
Figure A5.3.1: The o vera ll 3 rd genera tion  stru ctu re (leve l 0)
The warden records their interactions with users in process 3, while the control centre in process 4 
provides support to the user and facilitates assistance from other services typically the emergency 
services and the health service.
The health zone in process 5 does not significantly change its operation from the 2nd generation system, 
although a new output from this process is the electronic prescription. This allows virtual consultations 
to be performed without requiring the user to visit the surgery to obtain the prescription. Any medication 
can then be provided either by the user or someone on their behalf visiting the surgery, or by the 
medication being sent to their home directly. Process 7 indicates that the users home EPR is updated to 
reflect changes in the drug regime, or other modules. In order for the health zone to access the EPR this 
is again enabled through the control centre.
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P rocess  1: ‘3 rd gen era tion  te lecare  system  in s ta lled ’
The process does not significantly alter from that defined in Appendix A5.1. The process still includes 
defining which modules each user requires and then installing them. Although the equipment is different 
the actual process does not change.
P rocess  2: ‘U sers h o m e ’
In comparison to the 2nd generation system represented in Fig A5.1.3 the 3rd generation system works in 
the same way. Irrespective of what is actually monitored the processes are the same. The only 
differences being that videoconferencing now includes physiotherapy and exercise schemes, and that 
process 2.7 can contact a responder or family member directly without being routed through the control 
centre.
P rocess 3: ‘W arden ’
This process is the same as the 2nd generation system; when the warden provides assistance the actions 
are recorded in the users EPR.
P rocess  4: ‘C on tro l cen tre /so c ia l serv ices ’
Only one change is apparent when compared to the 2nd generation system. Through the use of an expert 
system the control centre will regularly analyse each users EPR and for example, ensure that medication 
has not been repeated an unwise number of times. If this occurs the GP is informed with and a suitable 
course of action. The GP can then respond and provide the support required.
The control centre is also contacted when someone has tried to access the home EPR but does not have 
authority to do so. It may be necessary to investigate who tried to gain access.
P rocess  5: ‘H ealth  zon e ’
The process identified in Fig A5.1.5 does not alter significantly in the 3rd generation system. The 2nd 
generation system included external GP records that aided in consultation but these are now included in 
the EPR and available to the GP and hospital. Another enhancement is a list of users where the control 
centre’s expert system suggests that the users details should be reviewed. The GP can then respond 
accordingly and change medication or request a consultation if necessary.
In the 2nd generation system as a consequence of a virtual consultation it was necessary for the user, or 
someone on their behalf, to obtain any prescriptions from the surgery and then obtain medication from 
the pharmacist. In this 3rd generation system the GP can prescribe medication electronically to a central 
pharmacist database who can then provide the medication.
P rocess  6: ‘P h a rm a c is t’
When a doctor prescribes medication both an electronic and paper prescription is provided. Fig A5.3.2 
indicates the processes when an electronic prescription is provided. The pharmacist database is updated 
in process 6.1 with the medication required for that particular user. The users personal security details 
are also provided for example iris or thumb print.
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Process 6.1 will also indicate which prescriptions are required to be delivered directly to the users home. 
The nearest or approved pharmacist in contacted and the medication dispatched to the user in process 
6.2. The arrival of the medication is recorded and process 6.5 indicates that this is logged. Checks can 
then be made to ensure that users actually received the medication. For example, the date when the 
medication was provided in process 6.3 can be compared with the users EPR indicating when the 
cartridge was installed into the drug dispenser.
Pharmacist
database
~ r ~
update
1
Police
Figure A5.3.2: P rocess 6  ‘P h a rm a c is t’ a t leve l 1
Process 6.2 indicates an alternative method of securing medication where the user, or someone on their 
behalf, physically obtains it from the pharmacist. For pharmacies without access to the pharmacist 
database the paper prescription will be required but for those with access, the security details of the 
recipient of the medication can be validated in process 6.4 and medication provided if appropriate. The 
users EPR is then updated, indicating when the medication was provided.
Due to the improved communication of the overall system it is possible to track medication and ensure 
that users receive the medication prescribed. If it becomes apparent that individuals are obtaining 
medication that users never receive, then because the security details (iris or thumb print) are obtained 
prior to the pharmacist giving the medication, the identity of these individuals is known. If an individual 
tries to obtain medication falsely again then they will be recognised by process 6.4 and the matter can be 
investigated or the police contacted if necessary.
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P rocess  7; ‘H om e EPR  a ltera tion s ’
Appendix
The only change when compared to the 2nd generation system identified in Fig A5.1.6, is that 
unsuccessful attempts to access the home EPR result in the control centre being informed. If necessary 
they can investigate who is trying to gain access without authority.
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4th Generation Functional Requirements
Function ■ Support independent living.
■ Support implanted medical sensors.
■ Perform remote ADL assessment.
■ Enable early diagnosis of physical and possible mental problems.
■ Enhance and interact with the 2nd and 3rd generation equipment.
■ Provide robotic assistance for tasks of daily living.
Major
System
Elements
Components of 2nd and 3rd generation system. Implanted medical monitoring.
Water detection. Intelligent Home Alarm System 
Incontinence detection. (IHAS).
Robotic assistance. User control.
Virtual GP/neighbourhood. Control centre.
Module Components of 2nd and 3rd generation system.
Process Unless specifically discussed below all of the modules suggested in the 2nd and 3rd generation 
systems are available in the 4th generation system and work in the same way. Improvements in 
accuracy, size or speed are expected to take place but the basic mode of operation is the same as 
that previously identified.
Module W ater detection.
Process When a user has a bath, shower or uses the sink in the bathroom this activity should be recognised 
and stored in the EPR. In combination with the lifestyle monitoring module it should be recognised if 
a user is having a shower or bath or merely cleaning. Any noticeable change in washing etc. can 
therefore be recognised. It may be that getting into the bath is proving problematic and adaptations 
are needed. The module should also ensure that flooding does not occur.
Inputs 
Outputs 
Major error
The use of the toilet this should also be recorded in the users EPR.
Detection of water and source, i.e. sink, shower, and bath. Use of toilet.
EPR. IHAS and ultimately the control centre.
Unable to detect user. Unable to communicate with IHAS and lifestyle monitoring modules. Unable 
to detect water flow.
Exception The module must be given a period of time to resolve itself. If after this time the fault still exists the 
user should be informed through the lHAS. The user should only be informed if it is recognised that 
the user is not asleep in bed, that guests are not present and that at least one able user is in the 
home (i.e. if the user is severely disabled the system should only be informed when another adult is 
present). If the fault continues to exist a fault report should be generated, the control centre 
contacted and the users informed.
Current A valve inside, or sensor attached, to the plumbing would be achievable or acoustic signature may be
status a possibility, as long as it could be distinguished whether the bath, shower or sink was being used.
Module Incontinence detection34.
Process Through a non-intrusive method the detection on incontinence should be obtained. This module 
should recognise the onset of incontinence in the bedroom and main living room. If it becomes 
apparent that a user is beginning to be incontinent then they can be advised of appropriate exercise 
schemes that may be beneficial. They may also qualify for an assessment of their care package.
34 Older women who experience incontinence are two times more likely to enter nursing care, and for men the 
likelihood is trebled. Incontinence affects 5% of the adult population in the UK and it is estimated that associated 
health care costs are £1.4 billion per annum(437J.
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Once detected the system should update the users EPR and the control centre module indicate that 
a user should be consulted. Computer generated speech for such a personal matter may be 
intrusive and therefore a carer or occupational therapist may be better placed to respond in this 
instance.
Where two or more users live together and do not suffer from incontinence the module should be 
installed. The onset of incontinence can then be identified and assistance provided. When at least 
one user in the home uses incontinence pads the module should not be used (and withdrawn if 
appropriate) as the module will be unable to detect if another user in the home is beginning to be 
incontinent.
Presence of incontinence.
EPR.
Unable to detect and quantify the presence of incontinence. Unable to communicate with the IHAS. 
The exception response is the same as that identified for the water detection module.
A technology to meet this specific need does not appear to have been developed. However, 
research has enabled computer systems to smell14381 and may be a possibility.
Robotic assistance.
This module contains several different robots that each perform tasks to assist the user, namely:
1) Vacuum the home. Once activated the robot should vacuum the whole home, including any 
stairs that may be present. When completed the user should be informed through the IHAS. 
The robot should then return to its storing position where its batteries can be recharged.
If during the cleaning process the battery source is low then the robot should return to its store 
and recharge its batteries. If mains supply is not available to re-charge the batteries then the 
user should be informed through the IHAS. When the vacuum cleaner needs emptying the user 
should be informed through the IHAS and information provided on how this is achieved. If the 
user is in receipt of a care package then this message is not necessary and the carer can be 
informed when they arrive. (The security module of the 3rd generation system will detect the 
arrival of the carer.)
2) Physical aid. The purpose of this aid is to remove items that have been accidentally dropped on 
the floor. Once the item has been gathered it should then be returned to the user without 
damaging it, and then return to its store and recharge its batteries as indicated for the first 
robotic aid.
In order that the robot locates the correct objects it will be necessary for the user to issue verbal 
instructions in the users natural language. The robot must ensure that in the process of 
manoeuvring around the home that it does not damage furniture or cause the user(s) to stumble. 
When returning the object it must be effective for wheelchair and more able bodied users.
3) Cloths assistant. This robot should assist the user in dressing. Its functions include assisting 
with putting socks and shoes on, and providing assistance with buttons on shirts or blouses. In 
a similar fashion the robot must return to its store and recharge its batteries when not in use.
Whenever any of the robots are used this should be recorded in the users EPR.
User activation.
Assistance from the robotic aid. Record of the event in the users EPR.
Unable to be activated. Unable to return to store or recharge batteries. Unable follow instructions. 
Unable to assist the user.
The exception response is the same as that identified for the water detection module.
Commercial robotic vacuum cleaners are becoming apparent in the USA at a cost of $1,000
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(approximately, £600), however currently they are only able to operate on flat surfaces14391. Robots to 
perform the other tasks identified do not appear to be currently available or researched. Various 
organisations are conducting research into walking robots that can manoeuvre themselves around 
the home1440, 4411 or robotic lawnmowers in the garden1442,4431. Having successfully developed these 
robots the knowledge could be applied to the applications defined above.
Module Virtual GP/neighbourhood.
Process It is anticipated that all users will have access to a suitably fast communications network and 
therefore be able to videoconference with other users. All users will also have access therefore to 
video consultations.
Inputs
In addition to the previous functions the user should have access to a scanner so that they can obtain 
assistance when they receive post they cannot understand. They can then obtain assistance from 
members of the virtual neighbourhood, warden, family member or responder. If assistance cannot be 
obtained from these sources the control centre should be contacted and a time organised for 
assistance with a member of staff from social services. Particularly relevant when applying for state 
aid.
User. A call received/made by the IHAS. A call received whilst conferencing with others. Activation 
of the users video camera.
Outputs Scanned image. Making a videoconferencing call. Physiotherapist records treatment in the users 
EPR.
Major error Unable to scan the letter or form which is causing concern. Unable to contact users on the virtual 
neighbourhood. Unable to detect speech and siphon out background noise. Unable to communicate 
with IHAS. Unable to capture image of user.
Exception
Current
The exception response is the same as that identified for the water detection module.
Scanning equipment is already commercially available although consideration to usability may be
status required to ensure that users can operate the equipment successfully.
Module Implanted medical monitoring.
Process As a replacement for the medical band, sensors are to be placed under the skin to measure the users 
vital signs. These implanted sensors have the same function as the medical band but allow 24-hour 
monitoring without the user having to wear a bracelet or vest.
One of the sensors should measure the body temperature and therefore the temperature analysis 
module introduced in the 2nd generation system is not required as the body temperature is more 
reliable in detecting the onset of hypothermia.
In addition for diabetics35 a sensor should continuously monitor the users blood glucose levels and 
release insulin when necessary.
Inputs 
Outputs 
Major error
The 2nd and 3rd generation medical modules are available as an alternative to implanted sensors for 
those users where such monitoring is not necessary or the user declines implanted sensors.
Medical sensors. Changes in parameters.
IHAS or distance support modules. Ultimately the GP surgery or out-of-hours medical centre.
Unable to monitor the users vital signs. Unable to communicate with the IHAS or distance support 
modules. Sensors rejected by the body as muscles and tissue grow over the sensor and crush it. 
Sensors provide irritation to the body or make the user unwell.
Exception
Current
The exception response is the same as that identified for the water detection module.
Several million ‘injectable computers’ consisting of a chip, power generator, transmitter and receiver
status were created in 1998 by companies such as Datamars in Switzerland14441. It has been suggested that
It has been suggested that in the UK 1 in 8 people over the age of 65 have diabetes13471,
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implanted sensors will be in widespread use by 2010[ml.
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Intelligent Home Alarm System (IHAS).
The only added function to the 4th generation system is that having recognised that there is a fire the 
fire brigade is contacted directly.
As defined in the 3rd generation system.
As defined in the 3rd generation system.
As defined in the 3rd generation system.
As defined in the 3rd generation system.
As defined in the 3rd generation system.
User control.
The 3rd generation system removed the requirement for a pendant or pullcord, using automatic 
speech recognition as an alternative. However, for users with speech disorders such a possibility 
may have been ineffective. Based on the suggestion of Boothroyd13111 that mind control will be 
available by 2010, mind control is expected to be an alternative in the 4th generation system. Due to 
the likely costs it is envisaged that this functionality will be reserved to users who cannot use 
automatic speech recognition.
Users thought.
All actions the system is capable of. For example, contacting the control centre or GP, cancelling a 
call to the GP.
Unable to detect the users wishes. Performing actions that the user did not intend.
The exception response is the same as that identified for the water detection module.
Controlling a switch by the mind is already possible and it has been suggested by Boothroyd that 
such systems will be common place by 201 O'31".
Control centre.
In addition to the functions performed by the control centre expert system in the 3rd generation 
system it must also perform ADL assessments. The data required for remote assessments can be 
acquired on a daily basis and whenever a users EPR is updated at the control centre the assessment 
can be performed. Where the expert system suggests intervention would be beneficial, social 
services should be informed and a re-assessment performed. If the suggested intervention is not 
implemented then the reason for this should be entered into the users EPR.
The ADL assessment11821 is defined below with possible methods that could be used to automatically 
assess users.
■ Bath ing  -  Occurrence, frequency, type (bath or shower) and recognition of user is compiled by 
the water detection and lifestyle monitoring modules.
■ C ontinence  -  The presence of incontinence is detected in the home by the incontinence 
detection module of the 4th generation system and the sensor in the incontinence pads of the 2nd 
generation system.
■ C ooking -  The time spent in the kitchen and time spent in front of the cooker, fridge etc. can be 
complied by the lifestyle monitoring module. Such a method does not guarantee that a meal 
has been eaten, but it is not possible to detect this in the present system either. The implanted 
sensors or an intelligent toilet may be able to detect what food was eaten and its nutritional 
value.
■ D ressing  -  The time taken once the user has got out of bed in the morning and gone to the 
cupboard etc. can be detected from the lifestyle monitoring module. Until field trials have been 
undertaken it is not possible to judge how reliable this approach may be. For users with the 
cloths assistant robotic assistant how often the user needs this can be monitored and analysed 
over time.
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■ E atin g  -  Addressed under cooking.
■ G room ing  -  A reduction over time in videoconferencing while the use of the normal telephone 
remains the same or increases may indicate unhappiness with appearance and a lack of 
grooming. The lifestyle monitoring module may also be able to indicate how often a user 
spends in front of a mirror. However, using a different mirror may lead to misleading results. 
Nevertheless, the reason why a different mirror was being used may be beneficial, for example 
indicating that the user was experiencing difficulty raising from a bedside chair.
■ M o b ility -  Gait analysis and distance walked provided by the lifestyle monitoring module.
■ Stairs -  Analysed by the lifestyle monitoring module.
■ Toilet -  Usage can be monitored by the lifestyle monitoring and water detection modules. If a 
commode is used then the system cannot gather accurate information.
■ W ashing  -  How often users wash and whether they use the sink, shower or bath can be 
obtained from a combination of the water detection and lifestyle monitoring modules.
■ U se o f w heelchair - A wheelchair incorporating such features as measuring the number and 
severity of ‘bumps’ and able to communicate with the IHAS could achieve the desired result.
The possible onset of distress or dementia should also be detected and indicated to social services. 
Examples would include:
■ Leaving gas appliances on.
■ After going to bed returning to ensure that the front door was closed.
■ An increase in the number of times a user climbs the stairs and goes into the same room. 
Possibly checking that their purse is still in the chest of drawers.
The overall priority of calls being queued on the control centre system should be:
1. Gas.
2. Security.
3. Distance support.
4. Falls.
5. Lifestyle monitoring.
6. User activated emergency call.
7. Incontinence.
8. User telephone call.
9. User information enquiry.
10. User not returned home.
11. User request for advice with a letter or form.
12. Carer/home help failed to log on at the expected time.
13. GP enquiry for EPR.
14. Hospital access to EPR.
15. Warden/carer log.
16. Failure to access the users home EPR.
EPR. Manual enquiries, emergency calls from the home. Warden/carer or other professional 
logging.
Inform warden, carer/home help, family, key holder, emergency services, GP. Fault report for 
engineers. Social services for re-assessment.
Unable to access EPR. Unable to receive/make telephone calls. Unable to analyse a users EPR 
with the expert system.
The module must be given a period of time to resolve itself, if after this time the fault still exists then 
inform the operators and automatically run a parallel (backup) system -  defaulting to a separate 
control centre if the problem is significant and persists.
The call handling could be performed with current technology however, it would appear that the 
expert system does not exist in a suitable format.
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4th Generation Data Flow Diagrams
Two new processes are introduced in the 4th generation system as indicated in Fig A5.5.1. These are:
■ Process 8, fire brigade.
■ Process 9, emergency services.
Figure A5.5.1: The o vera ll 4th genera tion  stru ctu re ( leve l 0)
In order to reduce the time from detecting a fire to contacting the fire brigade, the fire brigade is 
contacted directly as opposed to being routed through the control centre, as evident in the previous 
generations. They can then provide the necessary assistance and record their actions in the users EPR. If 
a user generates a number of false alarms then the fire brigade can access the users EPR and disable this 
function; resulting in the control centre validating the need for assistance.
Process 9, indicates that when the emergency services (police, fire, ambulance) interact with a user their 
actions are recorded in the EPR. The information can then be used in any assessment of the users care 
package. All professionals that interact with the user therefore provide information into the system, the 
only people who do not have access to the EPR and consequently no ability to provide input, are the 
users friends and family. However, there is an opportunity for these to contribute in any assessment of 
the users care package.
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P rocess  1: ‘4 th gen era tion  te lecare  system  in s ta lle d ’
The process does not alter from that defined in Appendix A5.3.
P rocess  2: ‘U sers h o m e’
The process is the same as that defined in Appendix A5.3, however process 2.7, made the decision on 
whom to contact and in addition to contacting the GP surgery, out-of-hours medical centre, control centre 
or responder, it can now include contacting the fire brigade directly.
P rocess 3: ‘W ard en ’
This process is the same as the 3rd generation system defined in Appendix A5.3 
P rocess 4: ‘C on tro l cen tre /socia l s e rv ic e s ’
In the Appendix A5.1, process 4.1 ‘automatic or human needed with automatic priority’ enabled the 
computer system to define whether the operator was needed or the system could respond itself. As part 
of this process in the 4th generation system an expert system will analyse each users EPR and perform an 
automatic ADL assessment. This section is highlighted in Fig A5.5.2.
Appendix
Figure A5.5.2: P rocess  4.1 ‘au tom atic  o r  human n eed ed  w ith au tom atic  p r io r i ty ’ a t level 2
The process begins when the control centre updates a users EPR with new data from the users home. As 
soon as the system has spare capacity the EPR can be accessed and the ADL assessment performed. If 
no intervention is necessary then the EPR can be closed and other functions performed by the control 
centre system. If however, there is a deviation in the ADL assessment where intervention may be 
beneficial then the relevant data should be organised and presented to social services who can interact
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with the user, family and responder, and agree a package of support. Process 4.1.3 indicates whenever 
social services are contacted they must perform an assessment, this may be physically or virtually but an 
assessment must take place.
When deciding the appropriate action medical advice can be taken from the primary care team in process 
4.1.5. The outcomes from the assessment should be recorded in the users EPR and would consist of: 
Process 4.1.6: Amend care package -  increase or decrease the level of support provided by carers, home 
helps and nurses.
Process 4.1.7: Aid & adaptations -  provide assistance for everyday living, examples would include larger 
taps, handrails or stair lifts.
Process 4.1.8: Move into care -  arrange provision in supported housing, residential or nursing care, 
although sheltered housing may also be an option.
Process 4.1.9: No action -  the users EPR should be updated so that the automatic ADL assessment does 
not recommend unnecessary intervention again.
P rocess  5: ‘H ealth  zon e ’
The process identified in Appendix 5.2 does not alter significantly in the 4th generation system.
P rocess 6: ‘P h a rm a c is t’
All pharmacists should now have access to the pharmacist database, but the process does not change 
when compared to the 3rd generation system described in Appendix A5.2.
P rocess 7: ‘H om e EPR a ltera tion s ’
When compared to the 3rd generation system the fire brigade can access a users EPR through the control 
centre and disable the routing of fire calls to themselves. However, how this is achieved is the same as 
that identified in Appendix 5.2 for the health zone, i.e. through the control centre with appropriate 
security checks.
P rocess 8: ‘F ire b rigad e  ’
The fire brigade responds in the same way whether they receive a call from the control centre, directly 
from the user, or the fire detection module in the users home. Having responded to the fire call the 4th 
generation system requires the fire brigade to record the action taken. For example, if it is found that the 
cause for the fire was forgetting to distinguish a cigarette then this should be recorded in the users EPR.
P rocess 9: ‘E m ergency services ’
Whenever any of the emergency services provide assistance to a user the actions taken should be 
recorded in the users EPR. This may provide useful information when performing an assessment. This is 
performed through the control centre with appropriate security checks.
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Appendix A6.1 Cost Analysis Worksheet
A B C D E F G H I J K L
1 Cost Analysis
13 O vera ll F in a n c ia l P osition
14
15 V a r ia b le s
16 N um ber of com m unity alarm  users: 11,618
17 N um ber of com m unity alarm  installations: 10,625
18 N um ber of G P  installations: 574
19 N um ber of nurse installations: 28
20 N um ber of w arden  schem es: 141
21 H ard w a re  control centre  cost: £49,957
22 P ercen tag e  of users to have nurse visits: 2%
23
24 V a r ia b le s P re s e n t Y e a r  1 Y e a r  3 Y e a r  4 Y e a r  5 Y e a r  6 Y e a r  7 Y e a r  8 Y e a r  9 Y e a r  10
25 %  reduction in surgery consultations 0% 0% 0% 0% 0% 0% 0% 0% 0.0% 0.0%
26 % reduction in hom e visits 0% 0% 0% 0% 0% 0% 0% 0% 0.0% 0.0%
27 Virtual surgery consultations (G P ) 10.0% 12.5% 15.0% 17.5% 20.0% 22.5% 25.0% 27.5% 30.0% 32.5%
28 H om e visit consu ltations (G P ) 15.0% 17.5% 20.0% 22.5% 25.0% 27.5% 30.0% 32.5% 35.0% 37.5%
29 %  reduction in nurse visits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
30 P ercen tag e  of nurse visits to becom e virtual 7.5% 10.0% 12.5% 13.0% 13.0% 13.0% 13.0% 13.0% 13.0% 13.0%
31 P ercen tag e  of adm issions to hospital 32.4% 32.2% 32.0% 32.0% 32.0% 32.0% 32.0% 32.0% 32.0% 32.0% 32.0%
32 A verag e  duration of hospital stay 9.5 9 8.75 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
33 A dditional ca re  visits due to early  re lease 0.8 1.1 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
34 Additional nurse visits due to early re lea se 0.4 0.6 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
35 Bed blocking 20% 18% 16% 14% 12% 10% 10% 10% 10% 10% 10%
36 N um ber of peop le in residential care 3.50% 3.375% 3.250% 3.125% 3.000% 3.000% 3.000% 3.000% 3.000% 3.000% 3.000%
37 Reduction in am bu lance calls 8% 9% 10% 11% 12% 12.5% 12.5% 12.5% 12.5% 12.5%
38 R eduction in police security calls 20% 20% 20% 20% 20% 20% 20% 20% 20.0% 20.0%
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41 Variables C urrent P rop osed
42 S ystem S ystem
43 Life span of hom e based equ ipm ent (years) 5 10
44 Life span of w arden  sc hem e server identical
45 Life span on control centre identical
46 Life span of G P /n u rs e  equipm ent 10
47
48 C a p ita l c o s ts
49 Initial outlay in hom e equ ipm ent costs £ 1 ,9 0 9 ,0 2 5 £ 7 ,4 8 7 ,1 5 0
50 W a rd e n  sc h e m e  equ ipm ent £ 3 5 2 ,5 0 0 £ 4 9 3 ,5 0 0
51 Control ce n tre  equipm ent £ 4 9 ,9 5 7
52 G P  equipm ent £ 3 2 1 ,4 4 0
53 N urse equ ipm ent £1 5 ,67 1
54 Total £2,261,525 £8,367,718
55
56 In s ta lla t io n  a n d  tra in in q
57 G e n e ra te  m edical p a ra m eter hom e records £ 9 7 ,0 7 2
58 H om e equ ipm ent £ 2 0 8 ,4 7 4 £ 2 6 1 ,5 9 9
59 G P /n u rs e  equ ipm ent £1 4 ,82 1
60 S taff traininq @ 2 0 % £ 7 0 ,5 0 0 £ 1 7 6 ,1 1 4
61 Total £278,974 £549,606
62
63 E q u ip m e n t m a in te n a n c e  (P e r  a n n u m )
64 H om e units £ 9 9 ,4 0 8 £ 1 6 ,5 9 3
65 G P  units £ 8 9 6
66 N urse units £4 4
67 Batteries and pendants £ 1 2 7 ,2 9 6 £ 1 4 3 ,8 6 8
68 Total £226,704 £161,401
69
70 O p e ra tin q  c o s ts P re s e n t Y e a r  1 Y e a r  2 Y e a r  3 Y e a r  4 Y e a r  5 Y e a r  6 Y e a r  7 Y e a r  8 Y e a r  10
71 Property forced entry £ 2 2 ,5 8 7 £1 7 ,71 1 £ 1 7 ,71 1 £1 7 ,71 1 £17 ,711 £1 7 ,71 1 £1 7 ,71 1 £1 7 ,71 1 £1 7 ,71 1 £17 ,711
72 Unsuccessful carer visits £ 3 ,1 5 0 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6 £ 3 0 6
73 Telephone costs (inc. cc/GP/nurse) £ 1 3 ,5 2 9 £3 5 ,83 1 £ 3 2 ,0 5 3 £ 3 2 ,6 6 9 £ 3 3 ,2 3 4 £ 3 3 ,7 8 5 £ 3 4 ,3 3 6 £ 3 4 ,8 8 6 £ 3 5 ,4 3 7 £ 3 6 ,5 3 9
74 Surqery consultations £ 4 1 3 ,4 0 9 £5 2 6 ,2 1 1 £ 3 2 7 ,3 0 7 £ 3 3 0 ,3 1 2 £ 3 3 3 ,3 1 6 £3 3 6 ,3 2 1 £ 3 3 9 ,3 2 5 £ 3 4 2 ,3 3 0 £ 3 4 5 ,3 3 4 £ 3 5 1 ,3 4 4
75 Home visit consultations £ 3 8 3 ,0 3 5 £ 3 3 0 ,1 1 4 £ 3 2 6 ,0 4 8 £3 2 1 ,9 8 1 £ 3 1 7 ,9 1 5 £ 3 1 3 ,8 4 8 £ 3 0 9 ,7 8 2 £ 3 0 5 ,7 1 5 £ 3 0 1 ,6 4 9 £ 2 9 3 ,5 1 6
76 Nurse visits £ 2 4 5 ,0 9 2 £ 1 4 6 ,9 1 6 £ 1 4 4 ,8 2 7 £ 1 4 2 ,7 3 8 £ 1 42 ,3 21 £1 4 2 ,3 2 1 £1 4 2 ,3 2 1 £1 4 2 ,3 2 1 £1 4 2 ,3 2 1 £ 1 42 ,3 21
77 Hospital bed costs £ 5 ,0 9 7 ,7 2 4 £ 4 ,8 5 8 ,4 4 5 £ 4 ,7 2 3 ,3 1 1 £ 4 ,6 1 8 ,1 5 6 £ 4 ,6 1 4 ,6 0 5 £ 4 ,6 1 1 ,0 5 4 £ 4 ,6 1 1 ,0 5 4 £ 4 ,6 1 1 ,0 5 4 £ 4 ,6 1 1 ,0 5 4 £ 4 ,6 1 1 ,0 5 4
78 Residential care £ 5 ,6 0 3 ,3 6 1 £ 5 ,3 9 2 ,2 1 9 £ 5 ,1 9 2 ,5 0 7 £ 4 ,9 9 2 ,7 9 6 £ 4 ,7 9 3 ,0 8 4 £ 4 ,7 9 3 ,0 8 4 £ 4 ,7 9 3 ,0 8 4 £ 4 ,7 9 3 ,0 8 4 £ 4 ,7 9 3 ,0 8 4 £4,793,084
79 Total £11,781,887 £11,307,755 £10,764,071 £10,456,669 £10,252,491 £10,248,429 £10,247,919 £10,247,408 £10,246,897 £10,245,875
Appendix
95
96
Expenditure 
Present expenditure
Present
B
Year 1 
£12,008,591
Year 2 
£12,008,591
Year 3 
£12,008,591
Year 4 
£12,008,591
Year 5 
£14,046,402
Year 6 
£12,008,591
H
______________
£12,008,591
I
Year 8 
£12,008,591
______________
£12,008,591
K
Year 10 
£12,008,591
97 Equipment maintenance £ 2 2 6 ,7 0 4 £1 6 1 ,4 0 1 £1 6 1 ,4 0 1 £ 1 6 1 ,4 0 1 £1 6 1 ,4 0 1 £1 6 1 ,4 0 1 £1 6 1 ,4 0 1 £ 1 61 ,4 01 £1 6 1 ,4 0 1 £ 1 61 ,4 01 £ 1 61 ,4 01
98 Operating costs £ 1 1 ,7 8 1 ,8 8 7 £ 1 1 ,3 0 7 ,7 5 5 £ 1 0 ,7 6 4 ,0 7 1 £ 1 0 ,4 5 6 ,6 6 9 £ 1 0 ,2 5 2 ,4 9 1 £ 1 0 ,2 4 8 ,4 2 9 £ 1 0 ,2 4 7 ,9 1 9 £ 1 0 ,2 4 7 ,4 0 8 £ 1 0 ,2 4 6 ,8 9 7 £ 1 0 ,2 4 6 ,3 8 6 £ 1 0 ,2 4 5 ,8 7 5
99 Total expenditure £12,008,591 £11,469,156 £10,925,472 £10,618,071 £10,413,893 £10,409,831 £10,409,320 £10,408,809 £10,408,298 £10,407,787 £10,407,276
100 Profit co m pared  to present £ 5 3 9 ,4 3 5 £ 1 ,0 8 3 ,1 1 9 £ 1 ,3 9 0 ,5 2 0 £ 1 ,5 9 4 ,6 9 8 £ 3 ,6 3 6 ,5 7 2 £ 1 ,5 9 9 ,2 7 1 £ 1 ,5 9 9 ,7 8 2 £ 1 ,6 0 0 ,2 9 3 £ 1 ,6 0 0 ,8 0 4 £ 1 ,6 0 1 ,3 1 4
101 C om pound profit £ 5 3 9 ,4 3 5 £ 1 ,6 2 2 ,5 5 4 £ 3 ,0 1 3 ,0 7 4 £ 4 ,6 0 7 ,7 7 2 £ 8 ,2 4 4 ,3 4 4 £ 9 ,8 4 3 ,6 1 5 £ 1 1 ,4 4 3 ,3 9 6 £ 1 3 ,0 4 3 ,6 8 9 £ 1 4 ,6 4 4 ,4 9 3 £ 1 6 ,2 4 5 ,8 0 7
102
104
105
106
107
108
Assume the loan is 
repaid out of the 
proceeds of the project
Loan
outstanding at 
start of year
Interest at 6 %
Total am ount 
ow ed before  
repaym ent
Proceeds  
from project
Loan
outstanding  
at year end
Interest rates
B alance
Y e a r 1 £ 6 ,3 7 6 ,8 2 5 £ 3 8 2 ,6 1 0 £ 6 ,7 5 9 ,4 3 5 £ 5 3 9 ,4 3 5 £ 6 ,220,000 (£6,220,000)
109 Y e a r 2 £ 6 ,220,000 £ 3 7 3 ,2 0 0 £ 6 ,5 9 3 ,2 0 0 £1,083,119 £ 5 ,5 1 0 ,0 8 1 (£5,510,081)
110 Y e a r  3 £ 5 ,5 1 0 ,0 8 1 £ 3 3 0 ,6 0 5 £ 5 ,8 4 0 ,6 8 6 £ 1 ,3 9 0 ,5 2 0 £ 4 ,4 5 0 ,1 6 6 (£4,450,166)
8%
(£6,347,536)
(£5,772,221)
(£4,843,478)
10%
(£6,475,073)
(£6,039,462)
(£5,252,888)
12%
(£6,602,609)
(£6,311,804)
(£5,678,700)
15%
(£6,793,914)
(£6,729,883)
(£6,348,845)
111
112
113
A ssum e no loan for 
present system  or in year  
5 w hen need rep lacem en t 
e q uipm ent in t he hom e
Y e a r  4 £ 4 ,4 5 0 ,1 6 6 £ 2 6 7 ,0 1 0 £ 4 ,7 1 7 ,1 7 6 £ 1 ,5 9 4 ,6 9 8 £ 3 ,1 2 2 ,4 7 8 (£3,122,478) (£3,636,258) (£4,183,478) (£4,765,446) (£5,706,473)
Y e a r  5 £ 3 ,1 2 2 ,4 7 8 £ 1 8 7 ,3 4 9 £ 3 ,3 0 9 ,8 2 6 £ 3 ,6 3 6 ,5 7 2 (£326,745) £ 3 2 6 ,7 4 5 ,290,587) (£965,254) (£1,700,728) (£2,925,873)
Y e a r 6 (£326,745) (£19,605) (£346,350) £ 1 ,5 9 9 ,2 7 1 (£1,945,621) £ 1 ,9 4 5 ,6 2 1 £ 1 ,2 8 5 ,4 3 7 £5 3 7 ,4 9 1 (£305,544) (£1,765,483)
114 Y e a r  7 (£1,945,6211 (£116,737) (£2,062,358) £ 1 ,5 9 9 ,7 8 2 (£3,662,140) £ 3 ,6 6 2 ,1 4 0 £ 2 ,9 8 8 ,0 5 4 £ 2 ,1 9 1 ,0 2 2 £ 1 ,2 5 7 ,5 7 2 (£430,523)
115 Y e a r 8 (£3,662,140) (£219,728) (£3,881,868) £ 1 ,6 0 0 ,2 9 3 (£5,482,161) £ 5 ,4 8 2 ,1 6 1 £ 4 ,8 2 7 ,3 9 1 £ 4 ,0 1 0 ,4 1 7 £ 3 ,0 0 8 ,7 7 4 £1 ,1 0 5 ,1 9 1
116 Y e a r 9 (£5,482,161) (£328,930) (£5,811,091) £ 1 ,6 0 0 ,8 0 4 (£7,411,894) £ 7 ,4 1 1 ,8 9 4 £ 6 ,8 1 4 ,3 8 5 £ 6 ,0 1 2 ,2 6 2 £ 4 ,9 7 0 ,6 3 0 £ 2 ,8 7 1 ,7 7 3
117
118
A ssum e w hen loan repaid  
any savings are  subjected  
to th at in terest rate profit
Y e a r 10 (£7,411,894) (£444,714) (£7,856,608) £ 1 ,6 0 1 ,3 1 4 (£9,457,923) £ 9 ,4 5 7 ,9 2 3 £ 8 ,9 6 0 ,8 5 1 £ 8 ,2 1 4 ,8 0 3 £ 7 ,1 6 8 ,4 2 0 £ 4 ,9 0 3 ,8 5 3
119 Table below not linked to interest rates above as assume 0% interest w
120
121
122
123
124
125
126
127
128
129
130
C ash  flo w
£ 10,000,000
.«> £5,000,000 ui
I '  £0o
S
(£5,000,000)
( £ 10,000,000)
>n
T3o
3&
n  B  1 1 E
0F
3
Assume 0% interest on profit
Interest rate
6.00%
Y e a r 1
Y e a r 2
Y e a r 3
Y e a r  4
Y e a r 5
Y e a r 6
Y e a r 7
Y e a r 8
Y e a r  9
3%
(£6,028,695)
(£5,126,437)
(£3,889,710)
(£2,411,703)
£ 1 ,1 5 2 ,5 1 7
£ 2 ,7 5 1 ,7 8 8
£ 4 ,3 5 1 ,5 7 0
£ 5 ,9 5 1 ,8 6 3
£ 7 ,5 5 2 ,6 6 6
6% 10% 14%
(£6,220,000) (£6,475,073) (£6,730,146)
(£5,510,081) (£6,039,462) (£6,589,248)
(£4,450,166) (£5,252,888) (£6,121,222)
(£3,122,478) (£4,183,478)
£ 3 2 6 ,7 4 5 (£965,254)
(£5,383,495)
(£2,500,613)
£ 1 ,9 2 6 ,0 1 6 £537,491 (£1,251,428)
£ 3 ,5 2 5 ,7 9 8 £ 2 ,1 3 7 ,2 7 3 £173,154
£ 5 ,1 2 6 ,0 9 1
£ 6 ,7 2 6 ,8 9 4
£ 3 ,7 3 7 ,5 6 6 £1,773,447
£ 5 ,3 3 8 ,3 6 9 £ 3 ,3 7 4 ,2 5 1
How the loan interest rate effects 
potential profit
-3%
6%
- 10%
14%
Year
............... ......  1....................  J....................... ....
Y e a r 10 £ 9 ,1 5 3 ,9 8 1 £ 8 ,3 2 8 ,2 0 9 £ 6 ,9 6 9 ,6 8 4 £ 4 ,9 7 5 ,5 6 5
____________ I______________  i
~ P  | Q R s T U V W X Y Z AA AB AC
B a la n c e  C a r r ie d  F o rw a rd  ^ S ta r tin g  B a la n ced -A n n u a l I n te r e s t -A n n u a l  R e p a y m e n t Interest rate = 6%
method
U
5 year Re payment = £1,513,835
10 year Re payment = £866,406 i
£10,000
£8,000
£6,000£ £4,000
© £2,000  cu
£0
(£2,000)
(£4,000)
icome) cumulative !s ' avings cash flow cash flow divide 1000 for graph
i 'i Annual £539,435
(£974,400) (£974,400) (£974) (£974)
£1,083,119 (£430,716) (£1,405,116) (£431) (£1,405)
Cumulative £1,390,520 (£123,315) (£1,528,431) (£123) (£1,528)[ r n . n n . n n
£1,594,698 £80,863 (£1,447,568) £81 (£1,448)X? “  T  i /  k R 7 8 9 10
£3,636,572 £2,122,737 £675,169 £2,123 £675
- i— — -----*--------------— — £1,599,271 £1,599,271 £2,274,440 £1,599 £2,274
Year £1,599,782 £1,599,782 £3,874,221 £1,600 £3,874
£1,600,293 £1,600,293 £5,474,514 £1,600 £5,475
133 Year 9 0 £1,600,804 £1,600,804 £7,075,318 £1,601 £7,075
-AOi-- \  ✓ ___  ^rv r\ ,ci Km a £1,601,314 £8,676,632 £1,601 £8,677
Cash flow using the 10-year repa 
method
yment
icome) cumulative
avings cash flow cash flow divide 1000 for graph
£8,00
£6,00
J? £4,00 oS £2,00 
£
£539,435 (£326,971) (£326,971) (£327) (£327)
- s ' £1,083,119 £216,713 (£110,258) £217 (£110)o ---------------------------------- — — £1,390,520 £524,114 £413,856 £524 £414
o --
/ r i  .......
mra Annual £1,594,698 £728,292 £1,142,148 £728 £1,142
£3,636,572 £2,770,166 £3,912,314 £2,770 £3,912
lTl-n,n I n n  n n n £1,599,271 £732,865 £4,645,179 £733 £4,645£1,599,782 £733,376 £5,378,554 £733 £5,3791 2 3 4 5 6 7 8 9  10
(£2,000) £1,600,293 £733,887 £6,112,441 £734 £6,112
Year £1,600,804 £734,398 £6,846,839 £734 £6,847
£1,601,314 £734,908 £7,581,747 £735 £7,582
148 £3
149 i
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o P Q _ " R s T U V W X Y
y fro m  proceeds o f project as pro fits  occur
30% 50%
(£6,341,257) (£6,422,096)
£ 8 ,000,000  • (£5,849,885) (£6,076,421)
£ 6 ,000,000 • ■— Anticipated (£5,112,025) (£5,553,264)
y, £ 4 ,000,000 • —  10% less effective (£4,185,628) (£4,894,394)oo £0 30% less effective (£1,161,774) (£2,154,119)
( £ 2 ,000 ,000 )  - 1 2 3 *05 8 7 8 9 10 - 50% less effective £6,211 (£1,286,729)
( £ 4 ,000 ,000 )  ■ £1,244,413 (£366,783)
£ 8 ,000 ,000 )  • £2,483,126 £608,869
Year £3,722,350 £1,607,040
£4,962,085 £2,605,721
175
176
177 S e n s itiv ity  analysis h as ed  on 5  year re ra v m e n t
178 not linked to tab le usinq 5 yr repaym ent - cum ulative  only
179 (£974) (£995) (£1,096) (£1,176)
180 (£1,405) (£1,426) (£1,738) (£1,959) £10,000
181 (£1,528) (£1,549) (£2,163) (£2,585)
182 (£1,448) (£1,468) (£2,443) (£3,107) y> £5,000
183 £675 £655 (£682) (£1,587) §o
184 £2,274 £2,254 £556 (£590) w £0 — i— i— i— i— i— » » r~»
185 £3,874 £3,854 £1,794 £407
(£5,000)
15
186 £5,475 £5,454 £3,032 £1,404
Year187 £7,075 £7,055 £4,272 £2,403
188 £8,677 £8,656 £5,511 £3,401
189 ! I I
190 Sensitivity analysis based on 10 year
191 not linked to tab le usinq 10 yr rep aym ent - cum ulative  only repayment model
192 (£327) (£347) (£448) (£529)
193 (£1 1 0) (£131) (£443) (£664) £8,000
194 £414 £393 (£2 20) (£643) £6,000
194 £1,142 £1,122 £146 (£517) £  £4,000 —
196 £3,912 £3,892 £2,555 £1,650 os  £2,000 / 30% less effective
197 £4,645 £4,625 £2,926 £1,780 ------ 50% less effective
198 £5,379 £5,358 £3,298 £1,911 i -  CO LO o>
199 £6,112 £6,092 £3,670 £2,042 (£2,000) i
200 £6,847 £6,826 £4,043 £2,174 Year
201 £7,582 £7,561 £4,416 £2,306 ____________i _________________L — :-----------------_ i '________" . . .
A ppendix  A6.2
Appendix
Home Worksheet
A B C D
1 H o m e  e n v ir o n m e n t Figures in this colour have re fe ren ces
2
3
4 C urren t
System
P ro p o sed
S ystem5
6 Initial outlay in equ ipm ent costs [1] £ 1 7 5 £ 7 0 0
7 Life span of equipm ent (years) [2] 5 10
8 Transport cost to hom e [3] £ 9 .6 2 £ 9 .6 2
9 Installation cost per m in u te 12291 [4] £ 0 .2 5 £ 0 .2 5
10 Installation and training tim e required [5] 40 60
11 Unit faults per year [6] 5% 3 .5 %
12 C ost of rep lacem ent unit [7] £ 1 7 5 £ 3 0
13 T im e  spent to repair equ ipm ent [8] 10 20
14 %  of pendant failures [9] 18% 16%
15 C ost of rep lacem ent pendant [10] £ 5 0 £ 5 0
16 T im e  required to rep lace pendant [11] 5 5
17 P ercen tag e  of users with batteries [12] 9 0 .0 %
18 R ep lace  batteries (years) [13] 5
19 T im e  required to ch ang e batteries [14] 10
20 A verag e  num ber of batteries required [15] 5
21 Individual battery cost 13771 [16] £4
22 C o m p on ent costs (£)
23 In itia l e q u ip m e n t c o s t [1 7 ] £ 3 5 .0 0 £ 7 0 .0 0
24 In s ta lla t io n  [18 ] £ 3 .9 2 £ 2 .4 6
25 M a in te n a n c e  &  u n it r e p la c e m e n ts  [1 9 ] £ 9 .3 6 £ 1 .5 6
26 B a tte ry  re p la c e m e n t [2 0 ] £ 1 0 .9 6 £ 1 5 .5 2
27 Total £59.24 £89.55
28
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Appendix A6.3
Control Centre Worksheet
A B C D
1 Community alarm control centre Figures in this colour have referen ces
2
3
4 Variables C urrent F uture5 System S ystem
6 Tota l num ber of peop le living a lone in th e  com m unity [1] 2 ,2 8 0
7 Tota l num ber of clients [2] 11 ,6 1 8 1 1 ,6 1 8
8 Tota l num ber of peop le in sheltered  housing [3] 8 ,9 3 8 8 ,9 3 8
9 N um ber of w arden schem es 12291 [4] 141 141
10 W a rd en  schem e server and w arden  control [5] £ 2 ,5 0 0 £ 3 ,5 0 0
11 Calls requesting an am bu lan ce  [6] 14 16 1 3 0 3
12 %  of calls that can be reduced for th e  am bu lan ce  serv ice  [7] 8%
13 C alls requesting the fire brigade [8] 96 9 6
14 Tota l num ber of calls regarding a fire [9] 120
15 %  of calls that are increased regarding fire [10] 2 5 %
16 C alls requesting the police [11] 8 5 2 6 5 0
17 %  of calls that can be reduced for th e  police [12] 2 0 %
18 C alls requesting a doctor [13] 6 7 2 4 0 4
19 %  of calls that can be reduced to th e  doctor [14] 4 0 %
20 Client on floor [15] 87 6 8 7 6
21 N o answ er calls [3771 [16] 5 ,9 1 6 5 ,2 0 6
22 N um ber of occasions w h e re  forced entry is needed  [17] 123 97
23 C ost of gaining entry to a property [18] £ 2 0 0 £ 2 0 0
24 Pulled in error calls [19] 2 3 ,8 3 2 3 5 7
25 Calls to social services and inform ation resources [20] 3 ,3 8 4 0
26 N um ber of calls requesting a responder [21] 3 ,4 4 4 3 ,4 4 4
27 A larm  program /test [22] 1 1 ,8 0 8 0
28 N um ber of carer visits (w e ek ) [23] 2 ,1 5 4 2 ,1 5 4
29 N um ber of hours in betw een  test calls [24] 168
30 T e s t calls (year) [25] 7 7 ,6 8 8 2 6 0 ,5 0 3
31 W a rd e n  log [26] 12 3 ,1 0 8 1 2 3 ,1 0 8
32 C arer request [27] 2 ,1 8 4 2 ,1 8 4
33 Neighbourhood H ousing O ffice /H ousing  Association [28] 22 8 2 2 8
34 Repairs [29] 3 ,1 4 4 3 ,1 4 4
35 W an ted  w arden [30] 6 ,8 2 8 6 ,8 2 8
36 Continuous activation [31] 48 3 3 .6
37 N um ber of carer visits w h e re  a client is in hospital (w e e k ) [32] 2 0 .2
38 N um ber of nurse visits w h ere  a client is in hospital (w e ek ) [33] 2 0 .2
39 Alarm  install [34] 33 6 3 3 6
40 Alarm  repair [35] 6 3 6 6 2 6
41 Non defined [36] 5 3 1 6 5 3 1 6
42 C ost of a carer visit [37] £ 1 0 .0 0 £ 1 0 .0 0
43 C ost of a individual nurse visit [38] £ 2 0 .2 8 £ 1 9 .4 5
44 C hanging the hom e record physically in the hom e (y ears ) [39] 3
45 N um ber of calls required to update  hom e records (y ear) [40] 8 7 4
46 N um ber of phone calls regard ing ch ang e of batteries [41] 2,091 3 ,9 5 0
47 A verag e  length of tim e for com m unication (m in) [42] 3 .5 0 3 .5 0
48 A verag e  length of tim e for e lectron ic call (m in) [43] 0 .0 8 0 .0 8
314
A B C D
49 P ho ne line charge per m inute [44] £ 0 .0 1 5 £ 0 .0 1 5
50 P hone line charge for access to  control ce n tre /h o m e/G P  [45] £ 0 .0 4 2 £ 0 .0 4 2
51 N um ber of calls concerning being tim ed out of a room [46] 58
52 N um ber of calls concerning prob lem atic gas levels [47] 33
53 N um ber of calls concerning security  problem s [48] 8 ,1 4 3
54 N um ber of calls answ ered  by control centre staff [49] 6
55 N um ber of calls m ade by operators  on clients behalf [50] 3 2
56 Total num ber of operator calls (in and out) per client [51] 9 6
57 N o of calls dealt with by the control centre system  (p er user) [52] 17 42
58 C o m p o n e n t c o s ts  (£ )
59 C o s ts  in c u rre d  d u e  to  fo rc e d  e n try  [5 3 ] £ 2 .1 3 £ 1 .6 7
60 U n s u c c e s s fu l c a re r /n u rs e  v is its  [5 4 ] £ 0 .2 7 £ 0 .0 3
61 A d d itio n a l c o s t fo r s to r in g  th e  h o m e  re c o rd  [5 5 ] £0.43
62 C o s t o f  m a n u a l c a lls  [5 6 ] £ 0 .4 3 £ 0 .2 6
63 C o s t o f  e le c tro n ic  s y s te m  c a lls  [5 7 ] £ 0 .7 3 £ 1 .7 5
64 W a rd e n  s c h e m e  e q u ip m e n t [5 8 ] £ 3 0 .3 4 £ 4 2 .4 8
65 Total £33.90 £46.61
66
67 Total number of calls handled [59] 3 0 7 ,2 7 9 5 4 7 ,6 7 5
68 Phone time for each client per year (mins) [60] 3 2 .8 5 2 2 .7 5
69
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Appendix A6.4
Health Zone Worksheet
A B C D
1 Health Zone
Figures in this colour have  
referen ces
2
3
4 G P  s u rg e ry  a n d  p r im a ry  c a re  s y s te m  
Variables C urrentS ystem
P rop osed
S ystem
5
6
......
7 A verag e  tim e for a surgery consultation (m ins) [1] 8 .4
8 A verag e  tim e for a hom e visit (m ins) [2]
.......
9 A verag e  travel tim e for a hom e visit (m ins) [3] 12 12
10 No. of tim es m edical m easu rem ents  are outside agreed  param eters  |22<,|[4] 1
.......
11 Additional phone tim e required prior to virtual consultation [5]
12 Additional calls for patients not taking m edication [6] 0 .0 3 %
13 A verag e  tim e needed for patients not taking m edic ine [7]
14 S et up clients m edical m onitoring param eters  [8] 10
15 N um ber of surgery consultations [9]
.......
16 N um ber of hom e consultations [10] 1 .4 3 1 .4 3
17 A verag e  additional tim e required for a virtual consultation [11] 2 .4
18 %  of surgery consultations to becom e virtual [12] 10%
19 %  of hom e visit calls to b e com e virtual [13] 15%
20 %  of unsuccessfu l virtual consultations (surgery based) [14] 0 .5 %
21 %  of unsuccessfu l virtual consultations (hom e based) [15] 1 .0%
22 P hone line tim e required for a virtual consultation (p rev s u rg e ry )12771 [16] 12 .8
23 P hone line tim e required for a virtual consultation (p rev hom e visit) [17] 17 .6
24 G P  travel cost for a hom e visit [18] £ 1 2 .0 3 £ 1 2 .0 3
25 G P 's charge  per m inute [19] £ 0 .8 4 £ 0 .8 4
26 %  of consultations requiring param eters  in the hom e to be ed ited [20] 15%
27 N um ber of G P 's  [21] 5 7 4
28 C ost for each G P /n u rs e  being ab le  to video co n fe rence  [22] £ 5 6 0 .0 0
29 N um ber of nurse visits (w e ek ) [23] 2 3 2
30 %  of nurse visits that can be ach ieved  rem otely [24] 7 .5 %
31 A verag e  nurse travel tim e to client (m ins) [25] 15 15
32 A verag e  duration of nurse visit (m ins) [26] 12 .5
33 N um ber of nurse visits per day per nurse [27] 7 .9 6 8 .3 0
34 N urse ch arge  per day inc. overheads [28] £ 1 6 1 .5 4 £ 1 6 1 .5 4
35 C o m p o n e n t c o s ts  (£ )
36 A d d itio n a l c o s t fo r  s e tt in g  p a ra m e te rs  [2 9 ] (£ 0 .8 4 )
37 A d d itio n a l c o s t fo r  s u rg e ry  c o n s u lta t io n s  (a c c e s s  h o m e  re c o rd ) [3 0 ] (£ 0 .3 8 )
38 A d d itio n a l c o s ts  fo r  v ir tu a l s u rg e ry  c o n s u lta tio n s  [3 1 ] (£ 0 .1 6 )
39 A d d itio n a l c a lls  to  G P  re g a rd in g  o u t o f  p a ra m e te rs  [3 2 ] £ 1 .0 9
40 C h a n g in g  p a ra m e te rs  in  th e  h o m e  [3 3 ] (£ 0 .0 5 )
41 S a v in g  d u e  to  e a r ly  d e te c t io n  a n d  c h e a p e r  p re s c r ip t io n s  [3 4 ] £ 1 1 .1 6
42 S a v in g  o f  a  h o m e  v is it  b e c o m in g  a v ir tu a l o n e  [3 5 ] £ 2 .4 8
43 N o t ta k in g  d ru g s  s a v in g  b e c a u s e  o f  w a rn in g  to  G P  [3 6 ] £ 0 .0 8
44 A d d itio n a l c o s t fo r  G P  e q u ip m e n t [3 7 ]
45 E q u ip m e n t c o s t fo r  n u rs e s  [3 8 ]
......
46 T e le p h o n e  c o s ts  fo r  v ir tu a l n u rs e  c a lls  [3 9 ]
47 S a v in g  fro m  a v ir tu a l n u rs e  v is it  (y e a r ) [4 0 ] £ 4 .3 2
48 Total £14.61
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A B C D E
50 G P  tim e  p e r c lie n t p e r  y e a r  [4 1 ] Current F uture
51 S ystem S ystem
52 set up param eters  tim e 0 10 .0
53 surgery 4 2 .6 4 3 .8
54 hom e visit 3 6 .0 3 4 .0
55 outside param eters 0 10 .8
56 ch ang e m edical p a ram eters  in the  
hom e record
0 0
57 S u rg e ry H o m e  v is it S a v in g
58 P resen t system 4 2 .6 3 6 .0 7 8 .6
59
60 Y e a r 1 4 3 .8 3 4 .0 9 8 .7
61 Y e a r 2 44.1 3 3 .7 7 7 .8 0 .8
62 Y e a r 3 4 4 .4 3 3 .4 7 7 .8 0 .8
63 Y e a r 4 4 4 .8 3 3 .0 7 7 .8 0 .8
64 Y e a r 5 45.1 3 2 .7 7 7 .8 0 .9
65 Y e a r 6 4 5 .4 3 2 .4 7 7 .7 0 .9
66 Y e a r 7 4 5 .7 3 2 .0 7 7 .7 0 .9
67 Y e a r 8 4 6 .0 3 1 .7 7 7 .7 0 .9
68 Y e a r 9 4 6 .3 3 1 .4 7 7 .7 1.0
69 Y e a r 10 4 6 .6 3 1 .0 7 7 .6 1.0
70
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F G H I
1
2
3
4 H o s p ita l e n v iro n m e n t/re s id e n tia l c a re
5 C urren t P rop osed
6 V a r ia b le s S ystem S ystem
7 Cost of hospital bed per night [1] £ 1 4 1 .5 6 £ 1 4 1 .5 6
8 No. of hospital days if m edication is not taken  in the hom e [2] 2 2
9 A verag e  length of tim e in hospital (d ays ) [3] 9 .5 9
10 %  of clients adm itted to h o s p ita l12291 [4] 3 2 .4 % 3 2 .2 %
11 R eduction in the num ber of adm issions [5] 0 .2 %
12 N um ber of adm issions for peop le  65  and over [6] 4 7 ,9 8 4 4 7 ,3 9 2
13 N um ber of adm issions for p e op le  75  and over [7] 1 5 ,9 8 8 15,791
14 %  of falls that result in 3 days in hospital becau se  of hypotherm ia [8] 0 .0 1 %
15 %  of peop le adm itted to residential hom es [9] 3 .5 % 3 .3 7 5 %
16 %  of peop le adm itted to residential hom es in a year (turnover) [10] 4 2 .5 % 4 2 .5 %
17 N um ber of w eeks peop le are  de layed  entry to residential ca re  [11] 8
18 C ost of residential hom es (w e e k ) [12] £ 2 6 5 £ 2 6 5
19 A dditional cost for assisting peop le  in the com m unity (w e ek ) [13] £ 1 2 8
20 %  of patients waiting to be d ischarged [14] 2 0 % 18% Saving
21 C o m p o n e n t c o s ts  (£)
22 H o s p ita l d a y s  s a v e d  [1 5 ] £ 4 3 6 £ 4 1 0 £ 2 5 .4 8
23 W a itin g  to  b e  d is c h a rg e d  fro m  h o s p ita l t377l[16 ] £ 3 .0 6 £ 2 .7 3 £ 0 .3 2
24 H y p o th e rm ia  s a v in g  fro m  re d u c e d  t im e  o n  th e  f lo o r  [1 7 ] £ 0 .0 0 3 2
25 A d d it io n a l c o m m u n ity  c a re  d u e  to  h o s p ita l d is c h a rg e  [1 8 ] (£ 2 .4 2 ) (£ 2 .4 2 )
26 A d d itio n a l n u rs e  c a re  d u e  to  h o s p ita l re le a s e  [1 9 ] (£ 2 .7 8 ) (£ 2 .7 8 )
27 S a v in g  d u e  to  le s s  p e o p le  in  re s id e n t ia l c a re  [2 0 ] £ 4 8 2 £ 4 6 5 .0 8 £ 1 7 .2 3
28 A d d itio n a l c o s t fo r  p e o p le  s ta y in g  in  th e  c o m m u n ity  [2 1 ] (£ 4 .3 3 ) (£ 4 .3 3 )
29 S a v in g  d u e  to  la tte r  a r r iv a l a t re s id e n tia l c a re  [22 ] £ 3 7 £ 3 6 .8 9
30 Total £70.40
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Appendix A6.5
Emergency Services Worksheet
A B C D E
1 E m ergency  serv ices Figures in this colour have references
2
3 Ambulance
4 C urren t P roposed
5 D ifference S ystem System
6 Number of clients [1] 1 4 8 ,1 0 0 1 4 8 ,1 0 0
7 Number of calls [2] 1 5 0 ,0 0 0 1 3 8 ,0 0 0
8 Cost per call out [3] £ 7 7 .5 0 £ 7 7 .5 0 Saving
9 Total cost per individual £78.49 £72.21 £6.28
10
G H I J K
1 Total saving: £10.50
2
3 Fire
4 C urrent P rop osed
5 D ifference S ystem System
6 Number of clients [1] 1 4 8 ,1 0 0 1 4 8 ,1 0 0
7 Number of calls [2] 5 ,0 3 4 5 ,0 3 4
8 Cost per call out [3] £ 4 6 9 £ 4 6 9
9 Cost saving per minute due to fire 12291 [4] £55
10 Saving in time due to alarm [5] 2
11 Saving in damage costs [6] £553,740 Saving
12 Total cost per individual £15.94 £12.20 £3.74
13
M N O P Q
1
2
3 Police
4 C urrent P roposed
5 D ifference S ystem System
6 Number of clients [1] 1 4 8 ,1 0 0 14 8 ,1 0 0
7 Unnecessary forced entry [2] 40
8 Cost per call out [3] £ 4 6 9 £ 4 6 9
9 Security calls [3] 4 ,3 6 9 3 ,4 96
10 Cost of call ou t[229i [4] £ 7 7 .5 £ 7 7 .5 Saving
11 Total cost per individual £2.31 £1.83 £0.48
12
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User Documentation For The Telecare Utility Program
Appendix A8.1
A8.1.1 Ensuring The Correct Data
Before using the utility program the control centre database needs to be in a suitable format i.e. all o f the 
information should be in a table called ‘H istlog’ with the fields identified in Table A8.1.
Table A8.1: Required fields for the utility programme
Field Type Description
R ECEIVED Date/Tim e The time a call was received at the control centre and becam e apparent on 
the operators screen
R E SPO N SE Date/Time The time the call was responded to, i.e. when the operator answered the call
CLEARED Date/Tim e The time the call ended and was closed down
POLICE Number W hether or not during the call the police were contacted 0 = false <>0 = true
AM BULANCE Number W hether or not during the call the ambulance service were contacted 0 = 
false <>0 = true
FIRE Number W hether or not during the call the fire brigade were contacted 0 = false <>0 
= true
D O C TO R Number W hether or not during the call the doctor was contacted 0 = false <>0 = true
R E SP O N D E R Number W hether or not during the call a responder was contacted 0 = false <>0 = 
true
U N IT_C A TEG O R Y Text 1 = Scheme
2 = Dispersed
3 = Housing Association
4  = Linked bungalows
1,3 and 4 are considered as originating from sheltered housing, while 2 is 
considered as originating from a dispersed/community alarm.
CALL_TYPE Text The type of call:
C = Client call 
P = Pulled in Error 
M = Mains 
W  = W arden  
T  = Test
M =  maintenance 
B = Battery 
S = Smoke alarm  
E = Low temperature 
I =  Intruder 
A = Inactivity
C O M M E N TS _C O D E  Text If the call is a client call (i.e. CA LL_TYPE = “C ”) , the control centre system
forces the operator to enter a  closing down comment describing the call:1 =  carer
2 = Installation by
3 = NHO/Housing Association contacted
4  = No response -  closed down
5 = Non call6 =  Repairs reported
7 = Service work order8 =  Support service contacted
9 = Tenant on floor
10 = Testing/programming by 
1 1 =  W anted warden
12 = W arden off duty
13 = W arden on duty
14 = W eather damage/activation
15 = Extra comments
16 = Yearly PR visit by
_______  67 = Yearly PR visit by
However, the control centre ‘Histlog’ table does not contain either of response or cleared, therefore these 
fields must be added to the table before the utility program can transfer the data into the format 
acceptable for the telecare simulation package. These fields are in a table called ‘History’ and therefore 
need to be added into the ‘Histlog’ table the SQL statement below can be executed:
'UPDATE History INNER JOIN Histlog ON History.HISTORY ID =
Histlog. HISTORY ID SET Histlog.response = History.response;’
Here the unique History ID for each call received at the control centre is used to transfer the response 
field from the ‘History’ table into the ‘Histlog’ table. The same process can be used for cleared, where
‘response’ is changed to ‘cleared’ in the above SQL statement.
A8.1.2 Getting Started
This program is best viewed at a resolution of 800*600.
To install the utility program, insert the CD into the drive and open the ‘Telecare utility’ folder found in 
the ‘Telecare progs’ folder. Clicking on the set-up icon will begin the installation process with further 
instructions being provided on screen.
To remove the program and all of its components use the Add/Remove programs from the control panel.
When the program has been successfully installed it can be selected from the taskbar, with the screen 
highlighted in Fig A8.1.1 appearing.
Figure A8.1.1: The telecare utility opening screen
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The control centre database which is to be transferred into a suitable format for the telecare simulation 
package can be selected. Alternatively, the ‘Select database’ button can be used. If the database chosen 
does not contain the necessary fields in the ‘Histlog’ table then the data transfer cannot be performed and 
the users should be informed. When an acceptable database has been chosen it will be analysed for the 
COMMENTS CODE’S and CALL TYPE’S defined in Table A8.1. A progress bar at the bottom of the 
screen will indicate the state of progress and when the database has been fully analysed a screen similar 
to that in Fig A8.1.2 will be evident.
Figure A.8.1.2: Identification o f the categories evident at the control centre
If this is the first time this database has been selected, then all of the ‘Category’ entries of Fig A8.1.2 will 
be empty. The ‘Category’ entry refers to what the COMMENTS CODE’S and CALL TYPE’S actually 
mean, for example, a call type of P will often mean Pulled in Error, however this may not always be the 
case so clarification is needed.
While analysing the selected database a table called ‘U Category’ is created. This table contains the 
fields COMMENTS CODE, CALL TYPE and CATEGORY and will store the information from Fig 
A8.1.2. If the COMMENTS CODE, CALL TYPE and CATEGORY names are the same then this table 
can be inserted from a previously created database so that the actual category names do not have to be re­
entered.
When the appropriate category names for the COMMENTS CODE’s and CALL TYPE’S have been 
entered ‘Continue’ can be pressed. However, every category must have a category name so if any have 
been left blank the user will be prompted for the required information. An option ‘Ensure categories are 
unique’ is provided to ensure that the same category name cannot be entered for different 
COMMENTS CODE’S or CALL TYPE’s. If however, this option is not required, the ‘Ensure
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categories are unique’ option can be deselected and no verification of the category names will be 
performed.
Having successfully entered the required information the database selected will be analysed; the current 
state of progress being indicated by the progress bar at the bottom of the screen.
A8.1.3 Additional Information
Having selected the database to use, and successfully entered the category names, additional information 
is required before the data can be manipulated. A screen similar to Fig A8.1.3 will be evident where this 
additional information can be entered.
Figure A8.1.3: Entering additional information
For the month indicated, June in the example of Fig A8.1.3, the call types evident during this month are 
indicated in the first 3 columns. The 4th column shows where the call originated from, i.e. Sheltered 
Housing or from a dispersed alarm in the community. The 5th column headed, ‘Sys/Operator’ indicates 
whether the call is answered by the system, or requires operator involvement. Based on the call type of 
the call an estimation of whether the call is a system or operator call is made but the user should verify 
this.
The remaining columns require additional information as indicated in Table A8.1.2.
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Table A8.1.2: A d d it io n a l  u s e r  in fo rm a tio n
Column Description (for the specified call, indicated by the first 4 columns)
No. clients The number of users who could have contributed to the category in question. I.e. if the 
call is indicated as ‘Community’, the number of users who have a community alarm and 
live dispersed throughout the community.
No. schemes If the call is indicated as ‘Sheltered’, then the number of sheltered housing schemes to 
where a service is provided. If the category is from the community then this information is 
not relevant and therefore the program will not allow data to be entered.
No. week days The number of weekdays over which the data in the control centre database was 
gathered. An estimation is m ade based on the number of days data is present.
No. weekend days The number of weekend days over which the data in the control centre database was 
gathered. An estimation is made based on the number of days data is present.
The duration of an outgoing call (in seconds)
Responder To a responder.
Doctor To the doctor.
Ambulance To the ambulance service.
Police To the police.
Fire To the fire brigade.
If a column has the same data for all categories of a call, for example the duration of a call to the 
ambulance is 50 seconds, then this information can be entered once in the appropriate column and the 
‘Update column’ button used to update the whole column. When the necessary information has been 
entered and the ‘Continue’ button activated any information that has not been provided will be identified 
and requested.
If the database selected for manipulation contains data for other months then this process is repeated until 
all o f the months have the additional information required. At which point the user can specify the file 
location of the created database and the control centre database will be analysed and a new database 
created for the telecare simulation program. The analysis may take some time, but information regarding 
the current state o f progress is indicated at the bottom of the screen.
a
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A ppendix  A8.2
User Documentation For The Telecare Simulation Program 
A8.2.1 Getting Started
This program is best viewed at a resolution of 800*600.
To install the utility program, insert the CD into the drive and open the ‘Telecaresimulation' folder 
found in the ‘Telecareprogs’ folder. Clicking on the set-up icon will begin the installation process with 
further instructions being provided on screen.
To remove the program and all of its components use the Add/Remove programs from the control panel.
When the program has been successfully installed it can be chosen from the taskbar, with the screen 
highlighted in Fig A8.2.1 appearing.
Figure A8.2.1: The telecare simulation program opening screen
From this screen all areas of the program can be accessed. This welcome screen allows access to:
■ 'Opening a database’: a core database which holding the call profiles of categories.
■ ‘Creating a core database’: create a database which the telecare simulation uses.
■ ‘Loading a profile’: load the results of a previous simulation run.
In addition a list of the last three databases and profiles is available in order to quickly load recently used 
files.
In order to run the simulation and generate results a database is required that stores the call profiles that
are to be used in the model. If a core database is not available or been created then this must be created
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by selecting ‘New Core database’. Alternatively, the telecare utility program can be used to create the 
Core database.
A8.2.2 Creating a New Core database
When choosing to create a new core database a file name and location for the database is required. Once 
accepted the database structure will be created and the screen evident in Fig A8.2.2 will be apparent.
Figure A8.2.2: Creating a new core database
At this point the call profiles of categories to be included in the model can be entered and the choice is 
given as to what type of data to enter. Both the call direction and location can be changed by using the 
options in the top right comer of this screen in Fig A8.2.2. When the desired option has been chosen, by 
clicking on the ‘Continue’ button the screen in Fig A8.2.3 will appear.
Figure A8.2.3: Entering unique category information
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Entering category information
Having indicated the call direction (incoming or outgoing) and origin (sheltered housing or dispersed) 
further information is required to define a unique category. First a unique category name must be 
entered, for example ‘Pulled in Error’. If the core database already contains a category with the same 
name, call direction and origin, then a list o f  the present categories will be presented on the screen and a 
suitable category name must be re-entered.
The time period indicates when the call data entered was gathered. The time period can be for a specific 
calendar month or the culmination o f data o f 3, 6, 9 or 12 months o f call data. A choice can be made 
from the ‘Time period’ drop down menu.
Over the time period indicated the number o f clients or users is required in order to accurately estimate 
future possibilities. If data is being entered for sheltered housing schemes, then the actual number of 
schemes is also required.
If the call requires the operator’s involvement then the ‘Call requires operator’ should be checked. 
However, if  the call is a system call and does not require the operator then this should be unchecked and 
the occurrence of calls entered by clicking on ‘next’.
Operator involved calls
For calls requiring operator involvement the average duration of the call should be entered on an hourly 
basis. Therefore, if calls take longer at night than during the day this can be reflected in the model, 
alternatively if the average duration is the same throughout the day by entering a time in the update box 
and pressing the ‘Update all’ button, all 24 hours will be updated with the same duration. The time being 
entered should be in seconds and the average duration is required for both weekdays and weekends.
If the category of call being entered generates outgoing calls to a responder, doctor, ambulance, police or 
fire brigade then the probability that an individual call generates a call to each o f these entities should be 
entered. For example, entering 0.5 represents a 50% chance of an outgoing call. The appropriate 
average duration of the outgoing call should also be entered.
The number o f week day calls
Having entered the appropriate information relating to the duration o f calls, when these calls occur is 
required using the template in Fig A8.2.4. The number o f calls occurring for a particular hour should be 
entered on the column on the left, for example, if  100 calls were entered over the time period 09:00 to 
10:00 then 100 is entered in ‘Hour 9 ’. How these 100 calls are dispersed within the hour should be 
entered on the right of Fig A8.2.4
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Figure A8.2.4: Call occurrence for a weekday
If the actual dispersion within the hour is known then this information can be entered directly, 
alternatively the ‘Auto generate’ section in the middle of the screen can be used to distribute the calls 
appropriately. For example, if 100 was entered in ‘Hour 9’ and the distribution of calls was biased to the 
left, i.e. more calls are evident at the beginning of the hour than the end, then by selecting the left bias 
button, while ‘Hour 9’ is highlighted, will automatically populate the 5 minute time slots. The options 
available are indicated in Table A8.2.1.
Table A8.2.1: Automatic distributions
A uto
generate
Left
Right
Flat
Centred
Bottom
Random
D escription
The data is secured to the left, i.e. more calls are received at the
beginning and decline throughout the time period
The data is secured to the right, i.e. few calls are received at the
beginning and gradually increase throughout the time period
An equal number of calls are distributed throughout
Follows a normal distribution. More calls are received in the
middle than the beginning and end
Follows an inverse normal distribution. More calls are received
at the beginning and end than the middle
The calls are randomly distributed._________________________
E xam ple using 100 calls as 
the to tal fo r th e  hour_______
1 5 ,1 4 ,1 3 ,1 2 ,1 0 ,9 ,8 ,6 ,5 ,4 ,3 ,1
1 ,3 ,4 ,5 ,6 ,8 ,9 ,1 0 ,1 2 ,1 3 ,1 4 ,1 5
2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 , 2 ,  
2 ,5 ,7 ,1 0 ,1 2 ,1 4 ,1 4 ,1 2 ,1 0 ,7 ,5 ,2
1 4 ,1 2 ,1 0 ,7 ,5 ,2 ,2 ,5 ,7 ,1 0 ,1 2 ,1 4
1 0 ,6 ,5 ,1 3 ,1 1 ,5 ,9 ,9 ,7 ,9 ,7 ,9
The auto generate section in the middle of the screen can be used in several ways.
1. By entering the number of calls in an hour slot with the background yellow (i.e. this hour is 
selected), then by using the auto generate the 5 minute time slot for the selected hour will be 
generated accordingly to the distribution chosen.
2. By entering a number, say 48, in the update all box and selecting hours in the auto generate section, 
will enable the 48 entered to be distributed across all of the 24 hours, for example by choosing flat, 
all 24 hours will have 2 automatically entered.
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3. By selecting minutes in auto generate and choosing an appropriate distribution, the 5-minute slots 
for all 24 hours will be automatically generated based on the numbers entered in each hour on the 
left of the screen.
Having entered the number of calls received for each hour and the corresponding 5-minute distributions, 
the number of days over which the data was gathered should be entered. Therefore, if the number of 
calls represent 4 weeks then 4 weeks of 5 days (only entering week days at this stage) represents 20 days. 
Once completed the same process is repeated for weekends.
Once the necessary information has been entered the data will be saved to the core database and another 
month for this category can be added or alternatively if this is not required, the main core database screen 
will be displayed as indicated in Fig A8.2.5.
A8.2.3 Working with the core database
The main core database screen is indicated in Fig A8.2.5. In the top right comer of this screen are the 
current selection options for call direction and location, while below these is a list of the categories 
entered under the indicated call direction and location. Based on the category selected from the drop 
down menu the call data and graph show the number of calls received for week and weekdays. The 
graph can be enlarged by double clicking on it or by choosing ‘Enlarge graph’ from the ‘Graph’ drop 
down menu. For comparison purposes it is possible to have a number of these graph windows open at 
the same time.
Figure A8.2.5: The core database main screen
Fig 8.2.5 indicates various options that are described below:
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H isto rica l/P red ic ted
The database groups data into historical and predicted call types. The type 
currently being viewed is displayed at the centre of the screen.Historical
For ease of use it is suggested that historical data represents calls where the data is generated from actual 
records. Therefore, having integrated a control centres call history, this data would be entered as 
historical data. When new, hypothetical, call types are included then it is suggested that these be entered 
as predicted calls. The type of calls being viewed can be changed by clicking on the ‘View’ drop down 
menu.
Adding new data
To enter new data into the core database the ‘Add new’ button can be used. A choice can 
then be made as to whether you wish to enter a new time period to an existing category or a 
new category all together.
Having chosen to enter a new time period to an existing category the selection criteria can be changed 
from incoming to outgoing calls etc. and a list is then provided of the categories currently entered. Once 
the required category has been selected data can be entered for a new time period as previously described 
by Fig A8.2.3.
Alternatively, when adding a new category the correct type must be ensured, i.e. incoming or outgoing 
call type etc. Having chosen the parameters for the new category the data can be entered as described by
section A.8.2.2.
Add new
Cancel button
When the cancel button is enabled, by pressing it the current operation can be cancelled. 
For example, when entering data into the core database if a mistake has been made by 
pressing the ‘Cancel’ button the data entered will be ignored and the main core database 
screen will appear after conformation of the action.
X
Cancel
Save button
Can be used when entering data. Will save the data to the core database.
Delete button
If a category or time period is no longer required then this can be removed from the core 
database. The appropriate category should be selected from the main core database screen 
and the delete button activated. A list of the time periods for this category will be presented 
and the appropriate time period(s) selected for deletion.
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E dit bu tton
If the data for a particular category needs modification then this can be achieved by 
selecting the appropriate category from the main core database screen and activating the edit 
button. All of time periods entered for the category can be selected once the edit button has
been activated.
Exit button
-----  Once activated the main simulation screen will appear as indicated by Fig A8.2.6.
Exit
8.2.4 The main simulation screen
The main features of the telecare simulation are operated from the main simulation screen, as indicated 
by Fig A8.2.6.
Figure A8.2.6: The main simulation screen
This screen enables the model characteristics to be defined and also presents the results. Using the ‘Exit’ 
button from the main core database will enable this screen to be evident. While it can also be obtained 
from the welcome screen (Fig A8.2.1) by opening a core database or loading the results of a simulation 
run, referred to as a profile.
When a core database is opened the categories to include in a simulation run are presented in the grid at 
the bottom left of Fig A8.2.6. This list of categories can be restricted to include only certain call types be 
choosing the ‘Selection’ drop down menu. The type of calls to include can be a combination of:
■ Data time period: historical, predicted calls or both.
■ Data type: operator involved calls, system only calls (no operator involvement) or both.
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■ Location: calls originating from sheltered housing locations, dispersed alarms (community based) or 
both.
When the data time period is set to ‘Both’ then an additional button is visible that allows the view to be 
changed from ‘Historical’ to ‘Predicted’ categories and vice-versa.
The ‘Select all’ button will select all options present in both incoming and outgoing calls (for Historical 
and Predicted if Data time period is set to both) of the current selection. If the selection is changed, 
perhaps from system calls to include both system and operator then all categories will be deselected. The 
‘Deselect all’ button deselects all categories in incoming and outgoing call types.
Modify selection criteria
Having chosen the categories for inclusion in a simulation run these themselves can be modified. Based 
on the call dispersion entered in the core database the number and the duration of calls can be changed as 
indicated in Fig A8.2.7.
Figure A8.2.7: Modify simulation categories
The category that is to be modified must first be selected from the grid in the top left-hand comer of the 
modify screen. In the example of Fig A8.2.7 ‘Carer’ has been selected. The number of calls generated 
in the simulation run can then be modified for weekdays and weekends, with both positive and negative 
values allowable. The number entered represents the percentage change, therefore if 100 calls had been 
entered in the core database then a by entering 10 the simulation will generate the number of calls as 110. 
If the call selected requires operator involvement then the duration of the call can be modified in a 
similar fashion.
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The number of users per category can also be modified therefore if new technology becomes available, 
for example an effective fall detector, then the call characteristics can be entered in the core database and 
the simulation can mirror the call rates and workload at the control centre with varying numbers of users 
of this and any other technology. When the modifications have been made the ‘Accept changes’ button 
must be activated in order to save the modifications. The ‘Clear’ button will clear any modifications that 
have been previously accepted.
The two graphs representing the number and duration of the selected category can be enlarged by double 
clicking on them or choosing ‘Enlarge graph’ from the ‘Selection’ drop down menu.
Alternatively by selecting ‘Modify all’ from the selection drop down menu, all of the categories selected 
for inclusion in the simulation run can be modified as one. When the modifications have been made the 
window can either be minimised or closed, either option will save any modifications made.
A.8.2.5 Simulation characteristics
At the top left-hand corner of the main simulation screen (Fig A8.2.6) the characteristics for the 
simulation run can be entered.
Selection
Under the selection tab the number of users to include in the 
simulation run can be entered. If both calls originating from 
sheltered housing schemes and users dispersed in the 
community are included then the number of people for each of 
these groups must be entered. Alternatively when entering the 
number of sheltered housing users the number of sheltered 
housing schemes can be used instead.
Also required is the number of consoles or terminals available. This represents the maximum number of 
positions where control centre operators can respond to calls.
Time
The duration of the simulation is run is required and can be entered in one of two ways:
1. The simulation will run from a specified starting date to 
an ending date. For example, 19th June to the 19th July.
2. If data for the categories selected was grouped and 
entered as either 3,6,9 or 12 months then the appropriate time 
period can be selected. The starting day of the simulation run 
and the number of days over which the simulation will run
can then be entered.
Cheractemtci____________________________________________
S elec tio n |  Tme (  Shifts ' f  Estimate J  Options
Number of dispersed users 
( •  Number of users in sheltered houshg |
C
Number of consoles eveileble: [5
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The availability of operators is required and is broken down 
into shift patterns for weekdays and weekends. If the shift 
patterns are the same then the ‘Identical shift pattern’ can be 
checked and the shift pattern will only have to be entered once.
When entering the shift pattern an option is given where staff 
shift. For example, if the present operator(s) leave and new 
operator(s) start at the end of the shift then this option should be checked. Alternatively, if one operator 
is on duty from 02:00 to 10:00 but from 08:30 to 10:00 an additional operator is available due to 
expected demand then the shift pattern should be entered as indicated in Table A8.2.2.
Shifts
r Chaacteristics
Selection J Time J S h i f t *  T Estimate j Options
[~ Identical shift pattern W eek days Weekends
Start lime 100:00 - f - 100:00
End time (00:00 - r - | oo-oo —
Number of operators | 1
Operators physically change (7 17
Clear Data | Previous Shift Save/Next Shift |
physically change at the end of the
Table A8.2.2: Indication o f how operators physically change at the end o f a shift
S hift num ber S tart tim e End tim e No. of operators Physical change
Shift 1 0 2 :00 08 :30 1 N o
Shift 2 0 8 :30 10:00 2 Yes
Estimate
In addition to the results based on the user defined shift pattern 
the model can also estimate an appropriate shift pattern. In order 
to achieve this three additional pieces of information are 
required:
1. Utilisation rate: This is the amount of time that operator(s) should be answering calls. For example, 
if 60% were to be entered then the simulation would generate a shift pattern based on 60% of the 
operators time being spent on calls and 40% of their time available for other tasks or spare capacity.
2. Minimum number of operators per shift: This indicates the minimum number of operators that 
should be on duty at any one time for example, if there should always be a minimum of 2 operators 
on duty then the simulation will ensure that the minimum suggested is at least 2.
3. Use the specified maximum number of consoles: The simulation will estimate the call pattern based 
either with the restriction of a maximum number of consoles available or without this restriction. If 
‘No’ is entered the simulation calculates the ideal number of operators on duty and assumes that 
there are console positions available for any number of operators. If ‘Yes’ is entered then the 
simulation will restrict the estimated number of operators available at any one time to the physical 
number of consoles entered by the user.
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If January 1st and 2nd January were entered as the start and end 
dates then the simulation will run for 2 days, January 1st and 
2nd. However, if results were only required from 06:00 on the 
1st January to 22:00 on the 2nd January then this can be specified 
in the options section by checking ‘From X to Y inclusive’.
option ‘Only calls during X and Y’, if the same times and dates 
were used as above then the results would only include calls that were received from 06:00 to 22:00 on 
the two days of the simulation run.
The final option allows only calls generated on a weekday, weekends or both to be included in the 
results. Therefore, by selecting weekday calls, any calls occurring in weekends are not included in the 
results.
A.8.2.6 Running the simulation and interpreting the results
Having selected the categories and specified the model characteristics the simulation can be run and the 
simulated calls generated. This is achieved by pressing the ‘Generate profile’ button or by selecting this 
option from the ‘Tools’ drop down menu.
Depending on the number of days the simulation is run for, generating the results can take some time. 
As such, while the calls are being generated a progress bar is evident indicating the current state of 
progress. When the results have been generated they are displayed at the right of the main simulation 
screen (Fig A8.2.6). The left of the screen indicates which constraints were imposed to obtain the 
results. However, the categories at the bottom left hand comer of the screen are no longer evident.
If information regarding the actual categories used to generate the results is required then this 
information can be obtained by choosing ‘Profile selections’ from the ‘Tools’ drop down menu. Any 
modifications made to categories, for example increasing the number of calls by 10% is also highlighted.
If however a new simulation run is required then the categories can be displayed again by choosing 
“Display call options” from the View drop down menu.
Summary
The results are reported as indicated by Fig A8.2.8. The summary section reveals how many calls were 
generated during the simulation run. Results are shown on an hourly basis for calls not involving the 
operator (system calls) and those that did (operator). A breakdown is also given of the calls that 
originated from sheltered housing schemes and from dispersed alarm units or community based calls.
O ptions
Alternatively, by selecting the second
335
R e s u l t s ________________________________
Suim nary |  Calls f  Operators f  Costings
T he total number ol calk: 1714 
The total number of system colls: 909 
The total number of operator calls: 805
Call activity pet hour
Hour 0-1 1-2 2-3 3-4
System 48 39 36 32
O perator 17 8 16 10
Total 65 47 52 42
LlU Jj
The total number of calls from sheltered housing: 1410 
The total number of calls from dispersed alarms: 304
Call activity pet hour
Hour 0-1 1-2 2-3 3-4
Sheltered 52 45 45 33
D ispersed 13 2 7 9
Total 65 47 52 42L l U U
Figure A8.2.8: Reporting the results o f a simulation run
Calls
Fig A8.2.9 indicates the results from the calls tab, with the grid at the top displaying the calls that were 
generated on an hourly basis for the duration of the simulation run. By double clicking on this grid or 
selecting the grid option under ‘Enlarge calls’ from the ‘View’ drop down menu, a breakdown of the 
calls are present on a half-hourly basis. To enlarge the graph the same process can be followed. 
Multiple windows of both the table and graph can be open at the same time for comparison purposes.
m uJSJ*J
0  0® loo t* Selection yiew Operators Window HetpOlQlOl Ol ResulsC ' U O I  - : i  m \
Characteristics_________ _____________________ __________
Selection^ Time f  Shits ]* Esbmafe J  Options
(1484Number of dispetsed users
<*■ Number of useis in sheltered housing |9S37
Number of consoles available
QjJQjQQQj
Categories to include:
1 3
y  Wanted warden 
0  T enant on floor 
0  Support service contacted 
y  Service work order 
y  Pulled in error 
[y  Non call 
0  Mam 
0  Responder 
0  Police 
0  Doctor 
✓  Ambulance
D ©select A l S'
jd
<• Express total as total of all categories
Summary Operators \ Costings
Hour Xtracomments
Wanted
warden
T enant on 
floor
Support
service
contacted
Service 
work older
P J-
0-1 5 0 2 0 0
1-2 1 1 0 0 0
2-3 4 0 1 2 1
3-4 3 0 0 3 1
4-5 2 2 0 0 0
5-6 1 1 0 1 0
6-7 5 1 0 2 0
7-8 7 2 1 1 0
A Q n 1 n
— -Xtra comments 
-----Wanted warden
Tenant on floor
—  Support service contacted 
Service work order
— • Pulled in error
— -Non call 
-----Mains
—  Responder
—  Police 
—— Doctor
—  Ambulance 
-----Total
Category results inclusive ol week and weekends
Figure A8.2.9: Results on a call by call basis.
When investigating the grid or graph in more detail by selecting only the categories for investigation
from the options window (on the right of Fig A8.2.9) only those categories selected will be presented.
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Different category selections can be made from both the data grid and graph once they have been 
enlarged.
From the View drop down menu there are various selection criteria for viewing the simulated calls on 
this screen:
1. Generated/answered: Generated calls represent all calls that were generated under the conditions 
given, while answered calls represent all of the calls that were answered prior to the end of the 
simulation run. For example, if calls were received at the control centre just prior to the end of the 
simulation run, but these calls could not be answered until after the end of the simulation run, then 
these calls would not be evident in the answered section. However, they would be evident in the 
generated calls section.
2. Week, weekends and all days: By selecting ‘Week days only’ will only allow weekday calls to be 
presented and similarly for weekends. All days is the addition of both weekdays and weekends. If 
no calls were present for a weekday or weekend then no information will be evident for this 
selection and consequently it will not be possible to view that day type.
3. System/operator: System calls are calls that do not require any operator involvement, whilst operator 
calls are calls that operators have responded to. By selecting ‘System/operator’ the calls will be 
grouped into calls that were system and those that are operator. Selecting ‘Individual categories’ 
will return the view to each category that resulted in calls being generated.
Operators
The operator’s results tab of Fig A8.2.9 shows calls that are answered by the operators and therefore 
‘Answered’ must be selected from the ‘View’ drop down menu, as opposed to generated calls. If the 
operators tab is selected and generated calls are currently being viewed then notification will be given 
and the option available to view ‘Answered’ calls. When answered calls are being viewed a screen 
similar to that in Fig A8.2.10 will be evident.
Results
Summary J  Cells I  ! » * * « « ]  H Z  Costings
How
No. of 
people who 
had to wait
Average 
wait time Man delay
Total no. of 
operater 
minutes
di
01 0 480
1-2 0 480
2-3 0 480
3-4 0 480
4-5 0 480
5-6 0 430
6-7 0 430
78 0 480
8-9 0 480
9-10 4 0000:26 00:01 10 480
10-11 5 0000:44 00:01 45 480
11-12 10 0000:36 00.0204 480
12-13 3 0002:45 00 04 53 480
13-14 3 000205 00:02 43 480
14-15 0 480
15-18 2 0000:33 00:00 41 480
16-17 12 00 07:24 001520 480
17-18 4 0003:27 00:04 53 4800 T  i T
Simulation Status
No calls wete evident at the end of the simulation run. 
All cals are included in the simulation results.
Figure A8.2.10: The operators results
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In a similar fashion to before the results can be viewed under different criteria, for example weekdays 
only etc. The grid on this screen presents several results on an hour by hour breakdown. The results are 
described in Table A8.3.
Table A8.3: Descriptions o f the results under the operators tab
Result
No. of people who had to wait 
Average wait time 
Max delay
Total no. of operator minutes
Total no. of mins on calls
Average daily no. of operator minutes 
Average daily no. of minutes on calls
Operators utilisation
Description
For a given hour....____________________________________________________
..how many people who required the operator’s assistance had to wait 
to be answered.
..for those people who had to wait to be answered the average wait
time.
..the maximum a caller had to wait to be answered.
..the total number of minutes operators were on duty. For example if 1 
operator was on duty and the simulation ran for 4 days then the total, 
would be 240 minutes. (60 minutes on duty * 4 days).
..how many minutes were spent on calls during the simulation run. For 
example, if the simulation ran for 4 days and each day 10 minutes 
were spent on calls then the total would be 40 minutes.
..the daily number of operator minutes available to answer calls.
..on a daily basis how many minutes are spent on calls. I.e. if for 4 
days the minutes spent on calls are 20,30,20, 30 then the average 
daily figure is 25.
..how much of the operator’s time is spent on calls. I.e. 75% would 
indicate that 75% of the hour (45 min) was spent on calls and for 25% 
(15 min) of the hour the operator was ready to receive calls._________
At the bottom of the operators results tab, shown in Fig A8.2.10 are details of the simulation status. The 
simulation gives details of any calls that were evident after the simulation ending date in a grid and by 
double clicking on this grid details of the calls not included in the results can be viewed. In order to view 
more of the simulation results on the screen, the simulation status message or grid can be removed by
checking ‘View simulation status’ from the ‘Operators’ drop down menu.
By double clicking on the operator results grid or by selecting ‘Enlarge operators’ from the ‘View’ drop 
down menu more detailed information is provided showing the results in half hour segments as indicated 
in Fig A8.2.11. As before several of these windows can be opened at the same time in order to compare 
different selection criteria.
Figure A8.2.11: Detailed operator results
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The graph on Fig A8.2.11 can be viewed as either a total of the whole simulation run or as an average of 
a single day. Interchanging between these options is provided from the ‘Graph’ drop down menu. The 
data grid on this screen highlights several different aspects of operator involvement as described 
previously in Table A8.3. The difference being that hour refers to a half-hour period, therefore 17:30 
includes 17:30:00 to 17:59:59.
At the end of the data grid is a column indicated the total for each Result. Therefore, the operators 
utilisation figure expressed in the total column is the average of all 48 half-hour periods.
Costing
Results from the costing tab are based on the simulated calls received at the control centre and the shift 
pattern entered by the user. They are reported as indicated by Fig A8.2.12.
Figure A 8.2.12: The results o f the cost analysis
The information required is based on all or any of the 4 cost options:
The minimum telephone charge is the minimum call 
charge imposed by the service provider, for example if 
all calls have a minimum charge of 4.2p then £0.042 can 
be entered for this option.
The remaining two boxes refer to calls that are above the minimum imposed call charge, and are the 
average cost per minute at peak and off peak times. Peak call times are set from 08:00 to 18:00 
inclusive.
Telephone
L le tephone j) Opefatoi| Maintenance 1 Income)
|v  Include telephone costs
Minimum telephone chaige
Average charge pec mnute:
Peak time |£0 02°  Off peak j0 )  015
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O p era to r
Telephone [„Q jw .« to (j| Maintenance | Income |
17 Include opeiatoi cost? ___________________  ^ W e e k e n d s  |
Shift
Number S ta ll T ine End Time
Cost per operator 
per shift
1 22:00:00 06:00:00 £.60.00
2 06:00:00 14:00:00 £.60.00
3 14:00:00 22:00:00 £60.00
To calculate the operator costs the cost per operator per 
shift should be entered for both weekday and weekend 
shifts.
Maintenance
This option is the total weekly cost of offering the 
service. The only costs that should not be included 
are operator costs and telephone expenses. The costs 
entered should be apportioned by user type, i.e. for 
dispersed users and for sheltered housing users (or 
schemes).
Income
|7  Include income
Weekly user charge
per dispersed user |e i .450
per sheltered housing user I £1.550
This refers to the weekly charge made to each user type 
(dispersed or sheltered housing user).
By entering the relevant information and clicking on the ‘Calculate’ button (see Fig A8.2.12) the results 
will be generated and presented. Changes can be made to the costs and the results recalculated by using 
the ‘Calculate’ button again.
A.8.2.7 Delayed calls
If calls were delayed during the simulation run then details of the number and time of these calls are 
highlighted on a specific screen, see Fig A8.2.13. This can be obtained by selecting ‘Delayed calls’ from 
the ‘View’ drop down menu. However, this option is only available when at least 1 call is delayed 
during the simulation run.
340
Figure A8.2.13: Details o f calls that were delayed during the simulation run
Delayed calls can be viewed for weekdays, weekends or the summation of both these day types. While if 
calls were delayed, both the user specified and the estimated shift pattern (if available) can be 
investigated. By selecting a particular hour where calls have been delayed these calls will be shown in 
the graph. For comparison purposes multiple windows can be opened at the same time.
The number of delayed calls refers to the whole duration run and not a specific day. Therefore, if 10 
calls were delayed in a given half hour period, and the simulation was ran for 5 days, then on average 2 
calls per day would be delayed.
A.8.2.8 SQL -  (Standard Query Language)
The SQL option allows the simulation user to analyse the simulated calls with a great degree of 
flexibility. For example, by entering ‘Select * from calls where answered >=#10:00:00# and answered 
<=#11:00:00#’ in the text box at the bottom of the screen, as indicated in Fig A8.2.14, and pressing 
‘Execute’ will display all of the calls answered between 10:00 and 11:00. This screen is only available 
when results are present and can be found by selecting ‘SQL’ from the ‘Tools’ drop down menu.
Changing the ‘Operators’ selection to ‘Generated shift pattern’ (if available) and entering the same SQL 
query will result in the calls between 10:00 and 11:00 that were answered with the estimated shift 
pattern.
Clicking on the grid headings will sort the data in descending order. To refresh the display to the 
original (i.e. order the calls in the way they were received and answered) the ‘Refresh table’ button can 
be used.
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Figure A8.2.14: Example o f the SQL user screen
A.8.2.9 Working with profiles
When the simulation has completed a simulation run the results can be saved for subsequent analysis.
These results are saved as a Profile.
When loading a profile, the generated results are evident in the results section of the main screen. The 
number of users, warden schemes, the shift pattern etc. used to generate the results will be presented in 
the characteristics section, at the left of the main simulation screen.
A.8.2.10 Working with graphs
Many of the graphs in the programme can be zoomed into, therefore if a particular section of the graph is 
of interest, this section can be selected and enlarged. Zooming in on a particular area is achieved by 
selecting the top left hand comer of the required section, holding the left mouse button and dragging the 
mouse to the bottom right hand comer. The mouse button can then be released and the graph will show 
just the selected area.
To reset the graph to the original layout the reverse procedure is performed, i.e. dragging with the left 
mouse button, from a bottom right corner of the graph to a top left corner. Alternatively ‘Reset graph 
display’ can be selected from the ‘Graph’ drop down menu, (on the main simulation screen, Fig A8.2.6, 
‘Reset graph display’ can be found under the ‘View’ drop down menu’).
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Figure A8.2.15: The normal layout o f a graph
Figure A8.2.16: The same graph as FigA8.2.15, but zoomed in between 10:00 and 12:00
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Appendix A9.1
Model Outputs
T a b le  A 9 .1.1: Number of outgoing calls for June
June Model run Number of outgoing calls
1 368
2 366
3 382
4 377
5 385
6 380
Average 376
T a b le  A 9 .1 .2 :  Number of outgoing calls for July
July Model run Number of outgoing calls
1 406
2 374
3 386
4 415
5 376
6 376
Average 389
T a b le  A 9 .1 .3 :  Number of outgoing calls for August
Aug Model run Number of outgoing calls
1 384
2 399
3 370
4 . 393
5 432
6 409
Average 398
T a b le  A 9 .1 .4 :  Number of outgoing calls for September
Sept Model run Number of outgoing calls
1 436
2 424
3 420
4 408
5 435
6 447
Average 428
T a b le  A 9 .1 .5 :  Number of outgoing calls for October
Oct Model run Number of outgoing calls
1 448
2 432
3 418
4 430
5 448
6 451 
438Average
Table A9.1.6: N u m b e r  o f  o u tg o in g  c a lls  f o r  N o v e m b e r
Nov Model run Number of outgoing calls
1 430
2 444
3 437
4 421
5 432
6 434
Average 433
Table A9.1.7: Analysis for June with 20% more sheltered housing schemes
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 25,709 17,422 8,287 313 9:00 0:47
2 25,693 17,363 8,330 299 10:40 0:40
3 25,584 17,294 8,290 283 14:22 1:06
4 25,749 17,440 8,309 314 16:03 0:43
5 25,825 17,483 8,342 342 12:32 0:56
6 25,756 17,438 8,318 286 8:30 0:48
Avg 25,719 17,407 8,313 306 11:51 0:50
Table A9.1.8: Analysis for June with 20% fewer sheltered housing schemes
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 17,132 11,642 5,490 84 7:31 0:42
2 17,067 11,572 5,495 79 4:04 0:36
3 17,069 11,569 5,500 62 4:00 0:44
4 17,105 11,617 5,488 78 3:53 0:31
5 17,106 11,643 5,463 84 4:03 0:35
6 17,066 11,610 5,456 100 4:03 0:41
Avg 17,091 11,609 5,482 81 4:36 0:38
Table A9.1.9: Analysis for June with 15% more community and sheltered housing users
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 24,611 16,657 7,954 244 5:43 0:42
2 24,603 16,625 7,978 263 5:31 0:36
3 24,634 16,634 8,000 270 8:43 0:51
4 24,656 16,685 7,971 262 6:38 0:44
5 24,724 16,729 7,995 256 15:20 1:14
6 24,709 16,676 8,043 231 12:43 0:58
Avg 24,656 16,668 7,990 254 9:06 0:51
Table A9.1.10: Analysis for June with 15% fewer community and sheltered housing users
Number of calls
June Total System Operator Delayed Max delay Avg delay
1 18,200 12,385 5,815 112 8:49 0:52
2 18,156 12,303 5,853 101 5:10 0:40
3 18,190 12,397 5,793 103 3:29 0:41
4 18,160 12,340 5,820 83 4:04 0:34
5 18,167 12,321 5,846 81 5:45 0:32
6 18,175 12,324 5,851 104 3:08 0:32
Avg 18,175 12,345 5,830 97 5:04 0.39
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Table A9.1.11: A n a ly s is  f o r  Ju n e  w h e re  th e  d u r a tio n  o f  c a lls  is  in c r e a s e d  b y  1 0 %
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 21,364 14,513 6,851 171 5:23 0:42
2 21,350 14,480 6,870 185 12:49 0:47
3 21,412 14,522 6,890 169 5:43 0:43
4 21,385 14,546 6,839 168 4:17 0:32
5 21,325 14,420 6,905 201 6:24 0:42
6 21,353 14,489 6,864 191 13:16 1:08
Avg 21,365 14,495 6,870 181 7:59 0.46
Table A9.1.12: Analysis for June where the duration o f calls is reduced by 10%
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 21,391 14,492 6,899 145 3:48 0:35
2 21,284 14,439 6,845 118 9:44 0:43
3 21,318 14,470 6,848 155 8:19 1:11
4 21,358 14,483 6,875 136 6:41 0:56
5 21,344 14,467 6,877 131 5:32 0:33
6 21,297 14,441 6,856 157 7:50 0:42
Avg 21,332 14,465 6,867 140 6:59 0:47
Table A9.1.13: Model results for July
Number of calls
Max delay Avg delayJuly Total System Operator Delayed
1 22,076 15,431 6,645 162 4.53 0.42
2 22,096 15,446 6,650 184 6.03 0.46
3 22,011 15,361 6,650 163 5.25 0.49
4 22,065 15,394 6,671 192 5.17 0.45
5 22,050 15,403 6,647 175 5.41 0.42
6 22,066 15,389 6,677 202 3.43 0.35
Avg 22,061 15,404 6,657 180 5:10 0:43
Table A9.1.14: Model results for August
Number of calls
Max delay Avg delayAug Total System Operator Delayed
1 21,514 14,480 7,034 189 6.52 0.45
2 21,537 14,500 7,037 160 14.57 0.50
3 21,371 14,363 7,008 182 4.58 0.37
4 21,468 14,412 7,056 177 18.41 0.46
5 21,548 14,517 7,031 185 14.05 0.38
6 21,389 14,355 7,034 201 5.11 0.35
Avg 21,471 14,438 7,033 182 10:47 0:42
Table A9.1.15: Model results for September
Number of calls
Max delay Avg delaySept Total System Operator Delayed
1 21,247 14,714 6,533 153 4.25 0.38
2 21,271 14,752 6,519 108 3.33 0.37
3 21,425 14,838 6,587 135 5.38 0.42
4 21,219 14,632 6,587 144 8.15 1.01
5 21,276 14,735 6,541 131 5.02 0.49
6 21,205 14,697 6,508 148 9.04 0.44
Avg 21,274 14,728 6,546 137 6:00 0:45
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Table A9.1.16: M o d e l r e s u lts  f o r  O c to b e r
Number of calls
Max delay Avg delayOct Total System Operator Delayed
1 21,942 14,748 7,194 137 2.26 0.26
2 21,950 14,797 7,153 133 10.01 0.47
3 21,869 14,649 7,220 170 6.16 0.45
4 21,947 14,763 7,184 140 3.26 0.36
5 21,895 14,684 7,211 139 2.07 0.33
6 21,848 14,661 7,187 185 6.22 0.36
Avg 21,909 14,717 7,192 151 5:06 0:37
Table A 9 .1.17: Model results for November
Number of calls
Max delay Avg delayNov Total System Operator Delayed
1 22,657 15,312 7,345 367 3.05 0.40
2 22,618 15,289 7,329 380 4.42 0.38
3 22,662 15,322 7,340 401 6.07 0.52
4 22,556 15,240 7,316 355 3.31 0.40
5 22,659 15,313 7,346 359 3.48 0.42
6 22,587 15,277 7,310 345 5.30 0.48
Avg 22,623 15,292 7,331 368 4:27 0:43
Table A9.1.18: Analysis of the 2nd generation system with 20% fewer calls
June
Number of calls
Max delay Avg delayTotal System Operator Delayed
1 54,939 51,778 3,161 24 1:09 0:18
2 55,090 51,953 3,137 12 2:26 0:41
3 54,766 51,644 3,122 19 6:43 1:31
4 54,988 51,844 3,144 10 1:01 0:15
5 55,011 51,869 3,142 13 5:44 1:13
6 54,752 51,636 3,116 14 5:33 0:41
Avg 54,924 51,787 3,137 15 3:46 0:47
Table A9.1.19: Analysis of the 2nd generation system with 20% more calls
Number of calls
Max delay Avg delayJune Total System Operator Delayed
1 82,686 77,977 4,709 47 18:18 1:34
2 82,544 77,834 4,710 55 3:17 0:33
3 82,555 77,864 4,691 52 6:01 0:55
4 82,552 77,855 4,697 57 11:57 1:28
5 82,486 77,804 4,682 56 8:23 1:14
6 82,696 77,996 4,700 42 4:56 0:28
Avg 82,587 77,888 4,698 52 8:49 1:02
Table A9.1.20: The anticipated 2ndgeneration system including out of hours repairs
Number of calls
June Total System Operator Delayed Max delay Avg delay
Present 26,596 14,502 12,092 2,062 11.01 1:42
1 73,874 64,735 9,139 1,486 8:59 1:37
2 74,118 64,955 9,163 1,391 9:14 1:45
3 73,906 64,764 9,142 1,100 8:23 1:24
4 74,073 64,940 9,133 1,355 10:55 1:33
5 74,194 65,043 9,151 1,305 11:02 1:40
6 73,658 64,534 9,124 1,297 8:44 1:31
Avg 73,971 64,662 9,142 1,322 9:32 1:35
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Table A9.1.21: T he a n t ic ip a te d  2 nd g e n e r a tio n  s y s te m  in c lu d in g  o u t  o f  h o u r s  r e p a ir s  w ith  2 0 %  m o r e  c a lls
June
Number of calls
Max delay Avg delayTotal System Operator Delayed
1 88,431 77,438 10,993 2,017 10:12 1:43
2 88,496 77,524 10,972 2,040 10:44 1:45
3 88,794 77,748 11,046 2,050 12:04 1:45
4 88,832 77,865 10,967 2,450 10:17 1:57
5 88,733 77,665 11,068 2,494 17:49 2:11
6 88,464 77,384 11,080 2,360 17:33 2.05
Avg 88,625 77,604 11,021 2,235 13:07 1:54
Table A9.1.22: The anticipated 2nd generation system inc. out o f hours repairs with 20% fewer calls
June
Number of calls
Max delay Avg delayTotal System Operator Delayed
1 59,054 51,721 7,333 834 8:02 1:31
2 59,128 51,789 7,339 599 10:11 1:17
3 59,284 51,955 7,329 765 7:25 1:40
4 59,244 51,917 7,327 581 5:56 1:21
5 59,162 51,878 7,284 620 5:19 1:20
6 59,204 51,866 7,338 626 9:58 1:20
Avg 59,179 51,854 7,325 671 7:49 1:25
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